UNCLASSIFIED

AD NUMBER

ADB102932

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Distribution authorized to U S. Gov't. agencies
only; Proprietary Information; MAR 1982. O her
requests shall be referred to Forei gn Broadcast

| nformation Service, PO box 2604, Washi ngton,
DC.

AUTHORITY
USI TAC Itr 7 Mar 1989

THISPAGE ISUNCLASSIFIED




THIS REPORT WAS DEEN DELIMTED
AND CLEARED FOR PUBLIC RELBMOE
UNDER DOD DIRECTivE 5200,20 AND
NO RESTRICTIONS ARE IMPOSED uPO
ITS USE AND DISCLOSURE.

DISTRIBUTION STATEMENT A

APPROVED FOR PUBL]C RELBASE;
DISTRIBUTION UNLIMITED,



oyl nly G Lo &, 3 : I Ma Big il Al tiately sVo o0, alg a0 2T, gV, a8 eV Voo, oF o8 oV ST Sl To8 "B Ta¥ ToV SRR Vel ¥ .

PHOTOGRAPH THIS SHEET
&
& LEVEL TRANS LAT10W INVENTORY
™ 3 TANKS AnND TANK TRooPs
N é DOCUMENT IDENTIFICATION
o
=) =
- Q
m Jistricution limtted to U.S. Gov't, agencles only;
Proprivtary Inro.;1 7 JUL 198& otner requests
l for this document must be referred te .
Q Fonad PW A
212 y P 0. 260y
== < W “t C. 4 75
DISTRIBUTION STATEMENT
ACCESSION FOR
NTIS GRA&I
DTIC TAB
UNANNOUNCED O D I l‘ :
USTIFICATION -
) A CLECTE
JUL 1 7 1888
BY
DISTRIBUTION /
AVAILABILITY CODES D
DIST AVAIL AND/OR SPECIAL
DATE ACCESSIONED
DISTRIBUTION STAMP
DATE RETURNED
DATLE RECEIVED IN DTIC REGISTERED OR CERTIFIED NO.
PHOTOGRAPH THIS SHEET AND RETURN TO DTIC-DDAC
/4
DTIC FORM 70A DOCUMENT PROCESSING SHEET EREMICUSIEDI LION QY BE WSEDLNTIL

LR S A R R o N R O N O R R S R e o o O T T T O O T S N O T O T A e L A ]



a3 N

F

DEPARTMENT OF THE ARMY

OR OFFICIAL USE ONLY

ATC-PD-1120-084-82

UNITED STATES ARMY INTELLIGENCE AND SECURITY COMMAND
UNITED STATES ARMY INTELLIGENCE AND THREAT ANALYSIS CENTER

AD-B102 932 |

Translation

TANKS AND TANK TROOPS (U) !

MARCH 1882

Distribution limited to USGO, Proprietar
Information, Mar 1982. Other requests
must be referred to Foreign Broadcast
Information Service.

'FOR OFFICIAL USE ONLY

y




NOTE

JPRS publications contain information primarily from foreign
newspapers, pci:odicals and books, but also from news agency
transmissions and broadcasts. Materials from foreign-language
sources are translated; those from English-language sources
are transcribed or reprinted, with the original phrasing and
other characteristics retained.

Headlines, editorial reports, and material enclosed in brackets
[] are supplied by JPRS. Processing indicators such as [Text]
or [Excerpt] in the first line of each item, or following the
last line of a brief, indicate how the original information was
processed. Where no processing indicator is given, the infor-
mation was summarized or extracted.

Unfamiliar names rendered phonetically or transliterated are
enclosed in parentheses. Words or names preceded by a ques-
tion mark and enclosed in parentheses were not clear in the
original but have been supplied as appropriate in context.
Other unattributed parenthetical notes within the body of an
item originate with the source. Times within items are as
given by source.

The contents of this publication in no way represent the poli-
cies, views or attitudes of the U.S. Government.

COPYRIGHT LAWS AND REGULATIONS GOVERNING OWNERSHIP OF
MATERIALS REPRODUCED HEREIN REQUIRE THAT DISSEMINATION
OF THIS PUBLICATION BE RESTRICTED FOR OFFICIAL USE ONLY.



e DR A5 A -

-

L 4

v

FOR OFFICIAL USE ONLY

PREFACE

The Soviet publication, Tanks and Tank Troops, was translated

by the Joint Publications Research Service (JRPS). As a result of
2Dec8]1 letter request of OACSI, HODA, USAITAC reprinted the JPRS trans-
lation to increase dissemination of this open source material in the

Army.

NOTE: The reverse side of this
page 15 blank.

FOR OFFICIAL USE ONLY



FOR OFFICIAL USE ONLY

JPRS L/9697

29 April 1981

FBIS

Translation

TANKS AND TANK TROOPS

Ed. by

A.Kh. Babadzhanyan, et al.

FOREIGN BROADCAST INFORMATION SERVICE

NOTE: The reverse side of this
page is blank.

FOR OFFICIAL USE ONLY

B ™ o X L NN S N Sy e S et ———



L N I L N I I I T WA A AN B VAN I T VAR I F WS AT N XAV B4 U & V| L

FOR OFFICIAL USE ONLY

JPRS L/9697

29 April 1981
TANKS AND TANK TROOPS

Moscow TANKI I TANKOVYE VOYSKA in Russian 2d ed, supplemented 1980
(signed to press 14 Mar 80) pp 1-432

(Book published under the general editorship of A.Kh. Babadzhanyan,
Voyenizdat, 25,000 copies, BBK 68.513 T13 UDC 623.438.32+358.119(001.1))

CONTENMTS

Annotation
Foreword 1
Part Oue. Armored Vehicles 6

Section I. Modern Armored Vehicles and Development Trends

Chapter 1. Tanks 6
1. Tanks -- Principal and Most Important Category of Armored Fighting

Vehicles 6
2. Future Evolution »f Tanks and Their Performance Characteristics 19
Chapter 2. Self-P.opelled Artillery 23
Chapter 3. Arrored Personnel Carriers and Infantry Combat Vehicles 28
1. Tracked Armored Personnel Carriers and Infantry Combat Vehicles 28
2. Wheeled Armored Vehicles 35
Section II. Combat Performance Characteristics of Tanks 42
Chapter 1. Layout of Tanks 42
1. Demands on Tank General Layout and Ways to Achieve Them 43
2. Classification and Comparative Evaluation of Tank General Layouts 46
Chapter 2. Tank Firepower 51
1. Armament of Modern Tanks 51
2. Principal Factors Determing Tank Firepower 53
3. Increasing the Force of Projectile Effect on the Target 54
4. Increasing Target Hit Probability 58
5. Increasing Maneuverability of Fire 62
6. Increasing Normal Rate of Applied Fire 63
7. Reducing Weapon Vulnerability and Improving Crew Habitability Conditions 64
8. Arming Tanks With Missile and Combination Weapons 65

- a- [II - USSR - FOUO]

FOR OFFICIAL USE ONLy  [I1I - USSR - 4 FOUO]



FOR OFFICIAL USE ONLY

Chapter 3. Tank Protection

1. Demands on Tank Armor Protection and Principal Ways to Achieve Them

2. Classification and Comparative Evaluation of Hulls and Turrets

3. Special Measures to Improve Tank Protection Against Shaped-Charge
Projectiles and Nuclecar Weapons

Chapter 4. Tank Mobility

1. Tank Powerplant

2, Tank Transmission

3. Tank Running Gear

4. Tank Equipment for Crossing Water Obstacles

Chapter 5. Armored Vehicle Electrical Equipment and Automatic Control Gear

1. Electrical Equipment of Armored Fighting Vehicles

2. Weapon Stabilization System

3. Ground Navigation Systems

Chapter 6. Communications Gear and Infrared Equipment

1. Communications Gear

2. Infrared Equipment

3. Laser Equipment

Section III. Wheeled Armored Vehicles

Chapter 1. Development of Wheeled Armored Vehicles

Chapter 2. General Layout of Wheeled Armored Vehicles

Chapter 3. New Wheeled Vehicle Designs

Section IV. Servicing and Maintenance of Armored Equipment

Chapter 1. Servicing of Armored Equipment

1. Principal Points of Care and Servicing of Armored Equipment

2. Reliability of Armored Equipment

3. Combat Readiness of Armored Equipment

Chapter 2. Repalr and Overhaul of Armored Equipment

1. The Combat Vehicle as Object Repair

2. Production Process and Technology of Repairing and Overhauling Armored
Fighting Vehicles

3. Armored Fighting Vehicle Maintenance Facilities

Chapter 3. Ergonomics in Tank Troops

- b -
FOR OFFICIAL USE ONLY

67

)1
72
75
75
88

92
96

98
102
106
110
114
117
123
123
129
139
141
141
141
144
149
152
152

155
158

164



FOR OFFICIAL USE ONLY

Part Two. Combat Employment of Tank Troops

Section V. Time and Tanks

Chapter 1. Tanks -- Main Striking Force of Ground Troops

Chapter 2. Tanks in a Future War

Chapter 3. Tank Troops Development Prospects

Section VI. Combat Operations of Tank Troops

Chapter 1. Nuclear Weapons and Tanks

Nuclear Weapons and Their Casualty-Producing Elements

Protective Properties of Tanks Against the Casualty-Producing Elements
of Nuclear Weapons

Utilization of Tanks During Employment of Nuclear Weapons

Chapter 2. Tanks Against Antitank Weapons

1.
2.

3.

Possible Actions Against Tanks

Modern Antitank Guided Missiles (ATGM) and Their Influence on Tank
Operations

Methods of Tank Protection From and Countermeasures Against ATGM

Chapter 3. Movement of Tank Troops

1.
2.
3.
4,

Contemporary Warfare and Space

Modes of Travel. Long-Distance Marches
Organization of March and March Support
Execution of a March

Chapter 4. Meeting Engagements -- Admirably Suited for Tank Troops

1.
2.
3.
4,
5.
6.

Essence of the Meeting Engagement

Conditions for the Occurrence of Meeting Engagements

Characteristic Features of the Tank Troops Meeting Engagement
Conditions of Achieving Success in a Meeting Engagement of Tank Troops
Fundamentals of Organization of a Meeting Engagement in Tank Troops
Actions of Tank Troops in a Meeting Engagement

Chapter 5. The Offense

1.
2.
3.
4.
5.
6.

General Considerations

Modes of Passing to the Offensive

Conduct of the Attack

Pursuit

River-Crossing Operations

Tank Actions in Radiocactive Contamination Zones and Areas of Heavy
Destruction

- Cc -

FOR OFFICIAL USE ONLY

174
174
174
180
186
190
190
190

192
194

197
197

201
210

217

217
219
222
230

234

236
240
244
253
258

266

266
270
273
276
283

288



FOR OFFICIAL USE ONLY

Features of Tank Operations in Conditions of Mountain-Desert and Desert-
Steppe Terrain

Trends in Development of Methods of Conduct of Offensive Operations by
Tanks

Chapter 6. Defense

N

Employment of Tanks in the Defense

Conditions of Shifting of Tanks to the Defense
Organization of Defense of Tank Troops

Conduct of the Defense by Tank Troops

Chapter 7. Control

PN -

Essence of Control in Modern Combat
Organization of Combat Operations in Tank Troops
Control Agencies and Command Posts

Technical Means of Control

Section VII. Employment of Mathematical Methods in Tank Troops Utiliza-

tion Decision-Making

Chapter 1. Essence of the Process of Decision-Making

Chapter 2. Mathematical Methods Providing Elaboration of Optimal Decisions

Chapter 3. Criteria of Effectiveness

Chapter 4. Practical Application of Mathematical Methods and Models

wves W=

Application of Methods of Classical Mathematics

Application of Probability Theory

Application of Linear Programming Method

Fundamentals of Mathematical Modeling of Tank Combat Operations
Application of Critical-Path and Control Methods

Section VIII. Tank Troops Combat Service Support

Chapter 1. General Considerations

Chapter 2. Combat Seivice Support

1. Combat Service Support During a March
2. Combat Service Support in the Attack
3. Combat Services Support in the Defense
Conclusion

= d -
FOR OFFICIAL USE ONLY

289
292
295
295
299
300
307
316
317

321
325

328

334
336
339
345
347
349
360
363
363
367
367
370
374

377



FOR OFFICIAL USE ONLY

ANNOTATION

The volume "Tank 1 tankovyye voyska' was written by a team of professors and in-
structors at the Armored Troops Academy imeni R. Ya. Malinovskiy, officers from the
central edifice of the USSR Ministry of Defense and from the Guards Kantemirovskaya
Tank Division, under the direction of Doctor of Military Sciences Prof Col P. G.
Skachko.

The group of authors includes Doctor of Technical Sciences Prof Engr-Maj Gen L. V.
Sergeyev; Prof Engr-Maj Gen A. S. Belonovskily; Doctors of Military Sciences Prof
Cols P, G. Skachko, P. Ya. Oreshkin, and N. K. Shishkin; Doctors of Technical Sci-
ences Profs M. K. Maryutin and V. I. Medvedkov; Candidates of Military Sciences
Docents Cols S. V. Vasil'yev, V. M. Derevyanskiy, A. V. Polyakov, and V. S. Chernov;
Candidates of Technical Sciences Docents Engr-Cols A. G. Burlachenko, N. S. Galandin,
V. V. Kiselevskly, V. A. Mangushev, E. D. Prikhod'ko, and A. G. Solyankin; Engr-Col
M. D. Zhurko; Gds Sr Lt V. P. Skachko.

The volume was readied for publication by Cols P. G. Skachko and N. K. Shishkip and
Engr-Col V. V. Kiselevskiy.

Chief Mar Armed Trps A. Kh. Babadzhanyan (deceased) served as general editor.

NOTE: The reverse side of this N

page is blank.
FOR OFFICIAL USE ONLY



FOR OFFICIAL USE ONLY

FOREWORD

The years which have passed since publication of the first edition of this work have
fully confirmed the conclusions and forecasts of the authors pertaining to the place
and role of tanks under present-day conditions and in the foreseeable future.

The aggression in Vietnam, the India-Pakistan conflict and the Arab-Israeli war
demonstrated that the tank continues to be a formidable combat weapon. This is due
to the fact that the tank beautifully combines the excellent qualities required for
battle: firepower, striking power, maneuverability and mobility, as well as protec-
tion against the principal weapons.

As a result of development of modern means of transportation, the tank has become
transportable for all modes of transport, including air. This has increased to an
even greater extent the tank's potential and significance as a weapon.

Predictions by skeptics that appearance on the battlefield of antitank guided mis-
siles (ATGM) would bring to an end the tank's domination of the field of battle

have not come true. Conclusions on the role and: place of tanks in future wars, made
by Soviet military science even before World War: II, would remain valid after that
war as well. The laws and patterns of employment of tank troops, discovered by our
science, have not lost their practical significance. The development of powerful
antitank weapons, including ATGM, has not diminished the significance of tanks.

Research and improvement in the military area are opening up new horizons, which
are truly boundless. Together with the development of military hardware and knowl-
edge of military affairs, new problems arise in the art of warfare, problems which
form obstacles in the path of efficient utilization of new equipment and employment
of new methods of concepts arising on the foundation of new knowledge.

In order to move forward it 1s necessary to resolve these problems in a prompt and
timely manner and to proceed now with penetrating into the essence of those
phenomena and processes which will arise in a future war, if aggressive forces
initiate a war. In the course of war there will scarcely be time to correct er-
roneous concepts. Commanders of all echelons will have too little time to acquire
experience during combat operations. Therefore it is doubly essential to test and
verify now, element by element, already existing and newly developed concepts to

as thorough a degree as is possible. Questions pertaining to the present and future
of tank troops acquire particular importance in this regard.

1
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Practical experience and theory become rapidly obsolete in a time of swift advance
of technology. Development of weaponry in the postwar years evoked many new ideas
in military affairs. We are witnesses to a reassessment of values. Debates on the
role and influence of services and arms on the course and outcome of war have con-
tinued up to the present day.

Nor has this process bypassed tank troops. Today, however, there are no longer any
doubts about whether the tank is obsolete ~- it has become completely obvious to
everybody that the tank is needed. At the present time there is a debate in progress
abroad about what tank is best under present-day conditions, what its design, lay-
out and armament should be, what combat vehicles should be employed for infantry,
and whether large operational formations of tank trocps are needed under present-
day conditions, when armies have become fully motorized. These are the main prob-
lems in development of tank troops which concern theorists and practical experts in
military affairs and on which various points of view exist.

It is generally believed today that all the capabilities of modern weapons can be
fully utilized in mobile warfare and that the tank is the most powerful means of
ground attack for performing many of the combat missions assigned to ground troops.
Frequently, however, completely opposite points of view are held by experts in dif-
ferent countries as regards the tank itself, the organizational structure and
theory of employment of tank troops. This is quite understandable and logical, for
the truth is born in struggle by opposing opinions.

The task of military science in this regard is to reveal correctly and in a timely
manner the objective laws and patterns of war and correctly to determine the trends
which should be followed by development of armored equipment, organizational forms
of development of tank troops, and the principles of their emplovment in war.

Another aim of the second edition of this work is refinement of these laws, patterns
and trends, which are very difficult to see in the streams of new, contemporary in-
formation in all areas of military affairs. Therefore they require fuller and more
systematized presentation.

The authors of this volume hase sought to show the general directions and patterns
of development of armored equipment and organization of tank troops, as well as the
principles of their employment on the battlefield, without going into details. The
authors have also of course taken into account the experience of the past, es-
pecially that experience which in their opinion is useful for the future, for suc-
cess has always attended not he who blindly copied the old but rather he who, over-
coming the old, boldly laid new roads forward. In this regard the book can offer
tank troop commanders and military engineers as well as the people in the tank in-
dustry food for their innovative quest in design, operation and combat employment
of tanks,

It is a well known fact that the tank was created by the objective conditions of
combat reality. Its role and significance experienced change, beginning on 15 Sep-
tember 1916, when the tank first appeared on the battlefield. Employed initially as
an infantry close support weapon, the tank was gradually transformed into a means

of infantry and cavalry tactical exploitation. As technical improvements occurred,
the tank earned its right to existence and was ultimately transformed into a factor
of operational significance.

"
e
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V. I. Lenin and the Communist Party, attaching enormous importance to the technical
equipment of the Red Army, defined the role and place of armored forces in war.
Analyzing the conditions of waging war in the machine age, V. I. Lenin reached the
conclusion that victory could not be gained without equipment and the ability to
utilize it against the adversary in battle. In war, he stated, "victory is won by
he who has the greatest engineering, organization, discipline and the best
machines.,."*

The tank troops established during the first years of Soviet rule became in the
hands of the proletariat and its army a powerful means of defense of the Soviet
Republic against the imperialist aggressors.

Taking account of V. I. Lenin's statements, Soviet art of warfare had high regard
for the operational capabilities of tanks, Elaboration of theory of employment of
tanks and establishment of large tank combined units were a result of this. Soviet
art of warfare created for the first time in history a theory of the operation in
depth, in which tanks were assigned one of the decisive roles.

World War II fully confirmed the correctness of this theory. Large tank formations,
working in coordination with air power, performed cperational and strategic missions,
penetrating deep into the enemy's dispositions. One can boldly state, without
denigrating the role and significance of other weapons, that tanks deserve excep-
tional credit foi achieving victory over the enemy in World War II.

The effectiveness of employment of tank troops in World War II was so great that
ALY their development after the war proceeded at an accelerated pace in all the armies
of the world. The development of nuclear weapons, however, with their enormous
destructive force, engendered substantial doubts in the minds of certain foreign
theorists and practical experts in military affairs regarding the qualitative com-
position of the tank inventory, which at that time included three principal types of
tanks: light, medium, and heavy. Since the principal role in neutralizing and
destroying the adversary was assigned to nuclear wéapons, and since they viewed the
capture of enemy-held ground as the principal mission: of ground forces, it was con-
sidered adequate to possess only light tanks and other armored vehicles adapted for
airlifting and capable of performing these functions.

-,

The development of antitank guided missiles, which are capable of piercing tank
armor of practically any thickness, bolstered this view. 1In France, for example,
only light tanks, armored cars and armored personnel carriers were built for an ex-
tended period of time after the war.

The majority of military experts, however, are of the opinion that the necessity of
large-scale combat operations dictates that tank troops be equipped with diversi-
fied military hardware, including various types of vehicles: tanks, self-propelled
guns of various designation, armored cars, armored personnel carriers, and other
special vehicles.

Advocates of this view are of the opinion that tanks should constitute the founda-
tion of tank troops -- highly mobile tracked combat vehicles with excellent

* V, I. Lenin, "Poln. Sobr. Soch." [Complete Works}, Vol 36, page 116.

3
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cross-country performance and carrying powerful weapons and armor protection. Tanks
are designated for performing a broad range of missions, particularly engagement of
hostile tanks. They are an offensive weapon which is directly employed to neutralize
and destroy the enemy, and therefore they should carry versatile main armament
capable of performing the combat missions which they are assigned: conduct of recon-
naissance and engagement of hostile armored targets, neutralization and destruction
of hostile antitank weapons including artillery, destruction of defensive installa-
tions, and killing of enemy personnel. In order to accomplish missions of this

kind, tanks should incorporate an aggregate of design features which provide high
fire maneuverability.

What has been stated above attests to the impossibility of combining in a single

tank model the entire diversity of combat performance characteristics requisite for
performing assigned missions. Therefore foreign experts believe that at the present
time and in the foreseeable future tanks of differing designation will continue to
be designed and built, differing substantially in combat performance characteristics,
specifications, and design features.

The existence of several types of combat vehicles, however, results in considerable
difficulties both in the area of logistical support and training personnel to
operate, maintain and repair these vehicles.

These difficulties engendered the idea of standardization of combat vehicles, in
order that all missions assigned to tanks can be performed by a minimal number of
tank types.

At the present time the tank inventories of the majority of the world's armies con-
tain a so-called main battle tank, which is capable of performing various missions,
particularly such missione as engaging enemy tanks, destroying antitank weapons,
destroying defensive installations, and killing enemy personnel, The remaining
types of armored fighting vehicles are highly specialized.

In addition, development of tanks and tank troops is influenced to a decisive
degree by forecasting the character of a future war, the role of tank troops in

a future war, and the modes of their employment. In this regard the principal
demand imposed on the tank boils down to its effective utilization in contemporary
warfare both with and without the employment of nuclear weapons.

Tie mndern tank is a complex combat vehicle built on the basis of the latest ad-
vances in science and technology, while tank troops are highly mobile bodies pos-
sessing the greatest capabilities to conduct successful combat actions under
various combat situation conditionms.

The bhest of the modern tanks are technically more sophisticated than tanks of the
postwar period. They reflect the latest advances in electronics, optics, radio
engineering, mechanics, chemistry, and power engineering.

In this edition, as in the previous one, the authors have sought on the basis of
unclassified published materials to show the contemporary status of tank troops
armored equipment, to discuss problems of adoption of the latest scientific and
technical advances, and to examine the future development prospects of armored
equipment and tank troops as a whole, without taking an excursion into history.

4
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This volume presents only general trends in the improvement of tanks and the pat-
terns of employment of tank troops. This 1is the correct approach, because individ-
ual points become rapidly obsolete, while tle general laws and patterns remain
valid for an extended period of time.

This volume can become a desktop companion not only for tankers but also for other
officers in our army, since it will help them perceive the role and place of tanks
in the ground forces armament system.

Chief Marshal of Armored Troops
A. Babadzhanyan

5
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PART ONE. ARMORED VEHICLES

SECTION I. MODERN ARMORED VEHICLES AND DEVELOPMENT TRENDS

Chapter 1. TANKS

1. Tanks -- Principal and Most Important Category of Armored Fighting Vehicles

The experience of World War II and combat operations in Korea, Vietnam, in the
India-Pakistan conflict, as well as in the Near East, confirms that tanks are the
most versatile weapon, capable of performing a broad range of combat missions. It
is precisely this which determines their role in contemporary wars as the main
striking force of ground troops.

The development of armored equipment is today taking place under conditions
characterized by the following:

the necessity of effective employment of tanks and other armored vehicles in
combat operations both with and without the employment of nuclear weapons;

a high rate of troop advance with a substantial depth of operations;

the fact that armies are armed with large quantities of diversified high
firepower antitank weapons, including ATGM, aircraft and, of course, tanks.

The United States, the Federal Republic of Germany, France, and Great Britain are
the leading capitalist nations in the manufacture of tanks and other armored
fighting vehicles. In addition to these countries, Sweden, Switzerland, and Japan
also build tanks of their own design.

The FRG is the leader among the European capitalist countries in production of
armored equipment and quantity of armored equipment in its military forces. It has
become one of the principal exporters of tanks to countries of the capitalist world.
Belgium, the Netherlands, Canada, Norway and Italy, which formerly purchased tanks
in the United States and Great Britain, have in recent years adopted the Leopard 1
tank for their armies.

With development of the STB-6 tank at the beginning of the 1970's, Japan joined the
group of nations which produce modern tanks. The versions of this tank, which was

adopted by the military in 1974, employ the latest tank engineering advances of the
leading capitalist countries,

In spite of the great variety of modern armored vehicles, tanks retain their primary
importance. At the present time the armies of the capitalist countries have
designated as main battle tank one type of tank the combat performance characterisics

6
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and technical specifications of which enable it to be successfully employed to
perform an extremely broad range of combat missions. The Western military press
began employing the term "main battle tank" for these tanks. The main battle tank
combined, as it were, the performance characteristics of medium and heavy tanks (ac-
cording to the previously employed classification).

Therefore when the discussion deals with tanks, their role, comparison and develop-
ment, of greatest interest are main battle tanks, the total number of which in
modern mechanized (motorized infantry) divisions runs to 200 vehicles, and in tank
(armored) divisions -- 300 vehicles and more.

Thus characteristic of the evolution of tanks today is a decrease in the number of
types. At the same time one observes a process of decrease in the number of dif-
ferent base vehicles within the framework of total armored equipment, by develop-
ment of a "family" of vehicles based on one vehicle which is common to the "family."
This arrangement greatly simplifies problems of manufacture, supplying spare parts,
vehicle reconditioning and maintenance, mastering of the equipment by personnel,

and securaement of coordination of subunits and units, since as a rule the member
vehicles of a "family" possess the same performance as regards mobility and protec-
tion. As a consequence of increasing the production of vehicles similar in design,
at the same time a decrease in manufacturing costs is achieved.

From the beginning of the 1960's up to the present time, foreign countries have
been continuing to build and furnish the military with postwar second-generation
tanks.

A fairly complete picture of the achieved level and trends in future tank develop-
ment can be obtained from an examination of the major combat performance
characteristics of the main battle tanks adopted in the 1960's by the armies of
those countries which are leaders in the area of development of armored equipment.
These tanks include the following: M60A1l (United States), 48 tons (Figure 1.1.1);
Chieftain* (Great Britain), 52 tons (Figure 1.1.2); AMX-30 (France), 36 tons

(Figure 1.1.3); Leopard 1 (FRG), 40 tons (Figure 1.1.4). In spite of a considerable
difference in weight, all of them are the main battle tanks for their countries'
armlies and are designed to perform the same missions. Table 1.1.1 lists the prin-
cipal specifications and performance characteristics of foreign tanks.

All the listed tank models retain the traditional, so-called classic layout.

As regards new innovations, we should note the Chieftain tank, in which the driver
assumes a semi-reclining position. This configuration is due to an endeavor to
reduce overall tank height by shortening hull height, which makes it possible to
reduce weight with given armor and to decrease probability of taking a hit on the
battlefield.

The dimensions of today's main battle tanks vary across a fairly broad range. The
M60Al tank, for example, is the tallest (2,980 mm), while the AMX-30 is the shortest.
The former is almost 700 mm taller than the latter. The Chieftain tank has the
greatest hull length (7,650 mm), while the M60Al tank has the greatest width (3,630
mm). The AMX-30 tank has the smallest dimensions: length -- 6,380 mm, width —-3,110 mm.

* Here and henceforth these designations shall apply to the principal models of
tanks of the designated types, that is, in this instance the Chieftain Mk2.

7
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Figure 1.1.1. M60Al Tank (United States)

r

Figure 1.1.2. Chieftain Tank (Great Britain)

Figure 1.1.3. AMX-30 Tank (France)

8
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Figure 1.1.4. Leopard I Tank (FRG)

Figure 1.1.5. STEV103B Tank (Sweden)

The Chieftain tank is the heaviest, while the AMX-30 is the lightest. The difference
between them is approximately 16 tons, which gives the AMX-30 tank considerable
advantages in cross-country capability and transportability (ground, water and air).
The Leopard 1 tank occupies an intermediate position in all these specifications.

The design of the Swedish STRV 103B tank is unique (Figure 1.1.5). It weighs

39 tons, and its 105 mm gun is mounted not in the turret but in the hull. This
tank's turretless design is due to an endeavor to obtain a vehicle with thick armor
protection at a lighter weight, since the turret accounts for up to 25 percent of the
total weight eof a tank. Mounting the tank's armament in the hull has made it pos-
sible to reduce the tank crew to three men, by employing automated loading.

Foreign experts, while noting the unique design of the STRV 103B tank, point to a
serious deficiency of this layout -- the impossibility of delivering aimed fire
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Key to Table 1.1.1 on preceding page:

1. Parameters 25. Fording depth with underwater

2. Main battle tanks operation equipment, meters

3. M60A1 (United States) 26. 1Installed during modernization

4. M60A2 (United States) 27. Optical range finder

5. Leopard 1 (FRG) 28. 46 (including 13 ATGM)

6. Chieftain (Great Britain) 29. Yes

7. AMX-30 (France) 30. Laser range finder

8. P68 (Switzerland) 31. Shellproof

9. STRV103B (Sweden) 32. 1Installed beginning with model Al
10. STB-6 (74) (Japan) 33. Laser range finder (beginning with
11. Sheridan light tank (United States) model A4)
12. Combat weight, tons 34, Yes
13. Crew 35. Laser range finder (beginning with
14. Tank gun caliber, mm model Mk3)

15, Ammunition load 36. Installed during modernization
16. Machinegun 37. Laser range finder installed dur-
17. Coaxial ing modernization
18. Antiaircraft 38. Installed during modernization
19. Armor protection 39. Optical range finder
20. Weapon stabilizers 40. No
21. Means of precision target ranging 41. Laser range finder (beginning with
22, Maximum engine horsepower model 103B)
23. Top speed, km/h 42. (Gas turbine engine)
24, Tank range (highway), km 43. Amphibious
44, Yes

45, Laser range finder
46. (including 10 ATGM)
47. Small-arms-proof
48, (5.6 afloat)

while rolling, since laying the gun for deflection is done with the tank hull, which
greatly limits the effectiveness of utilization of this tank under combat conditions.

Let us examine the major combat performance characteristics of modern main battle
tanks -- their firepower, armor (and special) protection and mobility, which will
give us an idea of the attained level and trends in future tank development.

Firepower. Postwar second-generation main battle tanks adopted by the armies of the
capitalist countries possess considerably greater firepower In comparison with
earlier models. This has been achieved by carrying heavier guns with high muzzle
velocities, by developing projectiles with great destructive effect on the target,
and by equipping tanks with devices and mechanisms which increase accuracy and rate
of fire.

Modern main battle tanks carry large caliber long-barrel guns as main armament.

For example, the U.S. M60Al tank, the Swiss P68 tank, the Japanese 74 (STB-6) tank,
the Indian Vijayanta Mkl tank, as well as the West German Leopard 1 tank carry the
British 105 mm rifled gun, which was first employed on the British Centurion Mk9
tank. The French AMX-30 tank is armed with rifled-barrel systems of the same
caliber, but of French design. The British Chieftain tank carries a 120 mm rifled
gun.

11
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According to information in the foreign press, subcaliber projectiles fired by the
British 105 mm gun at a range of 1,000 meters, with a right-angled hit, can pierce
steel armor approximately 300 mm thick. The high muzzle velocity of this gun's sub-
caliber projectiles, which reaches 1,".75 mps, givesa high hit probability and con-
siderable range.

Modern shaped-charge projectiles boast even greater armor defeating performarice,
plercing armor of a thickness of approximately 3.5-4.0 of the projectile caliber,
regardless of range to the target.

Recently Britain has developed armor-piercing high explosive shells with a plastic
explosive and squash head. The British hold these projectiles in high regard,
especially due to their versatility, as a consequence of which their Chieftain tanks
do not fire shaped-charge rounds. Shells of this type are also carried by certain
other foreign tanks.

The U.S. M60Al1l tank employs sabot projectiles, fin stabilized shaped-charge and
armor piercing high explosive shells with plastic explosives, developed by the
British for their 105 mm gun. In addition, the ammunition load carried by U.S. main
battle tanks also include white phosphorus smoke shells, which are employed against
enemy targets and for concealment.

The availability of shells of several types ensures the capability to score ef-
fective kills on diversified battlefield targets and give the tank gun great
versatility, which is so essential to tanks.

Typical of the armament of main battle tanks of the armies of capitalist countries
is a large number of rounds carried (up to 60), a figure obtained in spite of
mounting large caliber guns on tanks. Improved accuracy of tank fire is achieved
by employing vertical and horizontal plane gun stabilizers, by employing range
finders which determine range to target, ballistic computers which automatically
determine initial settings for firing (taking account of measured range, angular
displacement of target, meteorological, topographic and ballistic conditions), em-
ployment of insulating gun jackets, etc. Accuracy of tank gun fire is sometimes im-
proved by employing coaxial ranging machineguns, as is the case, for example, with
the Chieftain tank, or even small-caliber guns, such as those carried for this pur-
pose by the Swiss P68 tank. Obviously such a method of improving accuracy of tank
fire increases the time required for readying the first round and gives away the
tank's position.

Automation of the processes of preparing to fire, firing and fire control is one of
the most important trends in development of tank armament.

In today's tanks the tank commander can rotate the turret from his control console.
This enables him to take over fire control. In addition, the tank commander can aim
and fire the tank's gun, utilizing a range finder (on the M60Al tank, for example),
if the gunner is disabled.

The experience of World War II and local wars in Korea, Vietnam, and the Near East
demonstrated that troops should possess the capability to fight regardless of
visibility. 1In connection with this, in order to ensure successful tank troops
combat operations at night and in poor visibility, drivers, commanders and gunners
of modern tanks are equipped with special gunsights and vision devices. This sub-
stantially increases tank combat utilization capabilities.
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The level of fumes in a tank's fighting compartment from firing the tank's gun is
reduced by tlie use of extraction devices to purge the barrel. Some tanks employ a
spent casing ejection mechanism for this purpose, as well as to improve firing con-
ditions and rate of fire (STRV103B and Centurion tanks), but combustible or semi-
combustible cases are employed abroad for a more radical solution to the problem of
gas level in the fighting compartment and its cluttering with spent shell cases.

The Leopard 1 tank is provided with a special exhaust ventilation system, in addi-
tion to an evacuator,to remove propellant gases released during firing of the tank
gun and machinegun. A fan removes gases released during machinegun firing directly
through holes in the mantlet or through a flexible hose, and removes gases by
suction from the box under the tank gun's breech ring, into which the spent cases
fall.

Auxiliary machineguns, including antiaircraft, are mounted on tanks to use against
infantry, close-range antiaircraft weapons (rocket launchers, recoilless guns, anti-
tank rifles, etc), lightly armored ground and slow-flying air targets.

Coaxial mounting of tank gun and machinegun is the usual practice. Frequently
machineguns of various designation are mounted on commander's cupolas, which are
mounted on a ball-bearing support for turning relative to the main turret. The
M60A1, AMX-30 and Chieftain tanks, for example, carry commander's cupolas mounting
machineguns. On the Leopard 1 tank an antiaircraft machinegun can be mounted on

a ring momnt over both the loader's and commander's hatch.

In order to increase the effectiveness of tank armament when firing at long range,
the French AMX-13 light tanks carry, in addition to the main armament, several wire-
gulded antitank missiles carrying shaped charges with high armor-piercing capabili-

ty.

In spite of success achieved in development of tank gun armament and in increasing
accuracy of fire and force of projectile effect on the target, work is in progress
in the United States, France and certain other capitalist countries to develop
tank main armamment in the form of combined missile-gun armament capable of firing
guided missiles (rockets) from the gun barrel as well as firing conventional
projectiles.

In the opinion of a number of Western experts, success achieved in the area of
rocketry, automatic control, remote control, and in the development of antitank
guided missiles has already created certain preconditions for utilization of the
latter as tank main armament. In their opinion, arming a tank with specially
designed sophisticated tank guided missiles could mean a qualitative leap forward in
boosting tank firepower.

The United States already has operational the Sheridan light amphibious reconnais-
sance tank (Figure 1.1.6) and a modification of the M60Al main battle tank -- the
M60A2 tank —- which carries as main armament a short-barreled 152 mm rifled gun
which can fire conventional high explosive fragmentation shells and can also be
used for firing infrared guided missiles through the barrel. This armament makes
it possible, in the opinion of forelgn experts, to employ the M60A2 tank as a re-
inforcement tank to hit enemy armored targets at long range.
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Figure 1.1.6. Sheridan Tank (United States)

While not denying the expediency of employing guided missile weapons on tanks, the
Americans are presently devoting principal attention to development of guns as main
armament.

Armor and special protection. Today the defense has become densely saturated with
various both close-range and long-range antitank weapons. In addition, the ef-
fectiveness of antitank weapons has substantially increased due to an increased ac-
curacy of fire and greater force of projectile effect on the target. Fixed-wing
aircraft and helicopter gunships are being utilized to an ever increasing extent
against tanks.

Success achieved in the development of armor defeating weapons, and particularly
antitank guided missiles, has resulted in the following: in the foreign press,
especially since the Arab-Israeli war in October 1973, has frequently raised the
question of the advisability of radically reducing tank armor protection which, in
the opinion of the authors of such a plan, would be fully compensated by giving
the tank greater mobility, and hence less vulnerability on the battlefield. Other
experts, however, are of the opinion that there never have existed any tanks with
unpierceable armor. There have always been on the battlefield means of killing
tanks with fire. But the thicker a tank's armor, the fewer the weapons which can
defeat a tank. Heavy armor substantially reduces the probability of tank kills by
fire from various antitank weapons which may be employed on the battlefield, in-
cluding tank guns. Thick armor places tanks in more favorable conditions in a
fire fight with poorly armored enemy tanks, since in such an engagement decisive sig-
nificance is assumed by the combination of firepocwer and armor protection.

The fact that armor is one of the most reliable means of protecting a tank's crew
and internal equipment from the destructive and casualty-producing factors of a
nuclear burst has also in the postwar years been considered an important
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argument in favor of employing thick armor. Therefore throughout the entire
period of development of main battle tanks, there has been observed a tendency to-
ward increasing their armor protection. This situation has essentially con-
tinued up to the present day, and such well known main battle tanks of capitalist
nation armies as the M60Al, Chieftain and others carry thick armor protection.

Foreign tanks developed in recent years -- the Leopard 2 (FRG) and XMl (United
States) -- according to published reports, are substantially superior in armor
protection to the tanks which they are to replace.

The principal drawbacks to employing thick armor protection are connected with in-
creasing a tank's weight, consequently decreasing mobility, cross-country capabili-
ty, transportability and certain other performance characteristics. Therefore ia
the postwar years strengthening of the armor protection of tanks has proceeded

not only in the direction of outright increasing the thickness of armor plate but
also in the direction of steeply sloping the most critical armored surfaces,
particularly frontal surfaces (slopes reach 60° and more on the M60Al and

Chieftain tanks) and differentiated distribution of armor thickness in relation to
tank hit probability under combat conditions.

Optimal distribution of thickness of armored components with a predetermined

weight can be achieved by casting armored components, which has found expression in
turret designs, which up until recently* have been fabricated by casting for all
main battle tanks.

The hulls of the majority of foreign tanks are fabricated of welded rolled plates;
only the hulls of the U.S. M60Al and Swiss P68 tanks are cast.

Today shellproof armor is made only of special armor alloy steels. Armor of light
alloys is being used at the present time only to provide protection against small-
arms fire.

The diversity of modern tank killing weapons creates additional difficulties in
providing reliable protection simultaneously against armor-piercing kinetic
projectiles and against shaped-charge ammunition, the effect of which on armor

is based on different principles. 1In developing armor for a tank, designers also
take into consideration the necessity of protecting the crew against penetrating
radiation in the form of gamma radiation and a neutron flux. In connection with
this many proposals are made pertaining to development of so-called composite or
layered armor protection, made up of different materials.

In order to increase protection against shaped-charge projectiles, skirting plates
began to be installed on the Centurion and Chieftain tanks, and subsequently on the
modernized Leopard 1 tank as well. Obviously for this same reason Leopard 1 tanks
began carrying welded turrets, which make it possible to provide so-called spaced

armor protection. Provision of tank capability to operate for extended periods of

* Welded turrets began to be used on Leopard 1A3 tanks, produced since 1973, and on
subsequent models of this tank, as well as on experimental models of the Leopard 2
and XMl tanks.
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time on terrain contaminated by radioactive substances and the necessity of
protecting crew members from toxic chemical agents and bacteriological (biological)
weapons dictated provision of modern tanks with a reliable airtight seal and filter-
ing-ventilation units to purify the air reaching crew members and to establish an
overpressure inside the tank, preventing contaminated substances from entering the
tank together with air.

Mobility. All foreign military experts are unanimous in their view that the
spatial scale, depth and pace of operations under conditions of a potential

nuclear missile war demand a substantial increase in the mobility of tank troops
and duration of tank troop operations without a halt. This has found expression in
the development of tanks with higher top and average speeds.

The power to weight ratio cf modern tanks is being increasingly more frequently in-
creased in order to increase mobility. For example, postwar U.S. and British tanks
(M26, Conqueror, Centurion, etc) boasted a power to weight ratio of approximately
12 horsepower per ton, today the M60 tank has a power to weight ratio of 16.2
horsepower per ton, while the Leopard 1 and AMX-30 tanks boast 20 horsepower per
ton.

An increase in power-to-weight ratio up to the above figures has made it possible
to obtain on the Leopard 1 and AMX-30 tanks top speeds on good roads up to 65 km/h,
while employment of improved transmissions, control lirkages and suspension systems
permits high average speeds off roads as well.

Development of tank powerplants abroad 1s characterized by the adoption of diesel
engines (in the USSR diesels have powered tanks since before the war).

Another typical trend in the development of tank powerplants is provision of a
multi~-fuel capability. Multi-fuel engines are presently powering the Chieftain,
Leopard, AMX-30, STB-6 and certain other tanks.

In addition to the adoption of multi-fuel engines, a number of countries, partic-
ularly the United States, are engaged in intensive work on development of gas
turbine engines for tanks, although initial models at the present time have poorer
fuel economy than piston engines.

The attention being devoted to gas turbine engines is due to the fact that they

are lighter and smaller than piston engines, and this offers definite advantages

in developing a small powerplant. In addition, foreign military experts believe
that the tractive performance of a gas turbine engine, which is well suited to a
tank, makes it possible to simplify transmission design and to make it gmaller, which
on the whole makes it possible additionally to reduce the volume of the engine and
transmission compartment. This space can be used for fuel stowage and can to a cer-
tain degree compensate for the engine's poor economy.

Gas turbine engines can run on various fuels and are easy to start. At the present
time they are being installed only on experimental models of foreign tanks (for
example, on a special model based on a Conqueror tank chassis)., The Swedish
STRV103B tank carries a gas turbine engine mounted parallel to the main multi-fuel
piston engine and is fired up to assist it only when the power required by the
operating conditions is greater than the horsepower of the main engine. The U.S,
XM 1 tank has a gas turbine main engine.
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We should emphasize certain powerplant features which are common to the latest
models of U.S. and FRG tanks, which reflect a focus on the possibility of develop-
ing heat-dissipating devices for intensive mixing (cooling) of engine exhaust gases
with the cooling system airflow prior to being expelled from the tank.

One way to increase tank range, other than adopting engines with low fuel consump-
tion, is to increase fuel carrying capacity.

In spite of the fact that the endeavor to reduce tank weight results in maximum
reduction of hull interior volume, the urgent need to boost tank range dictated an
increase in the fuel supply carried inside a tank. For example, internal fuel
tank capacity on the M60Al tank is 1,470 liters, 985 liters on the Leopard 1, and
950 liters on the AMX-30. As a result, the range of the most recent models of
foreign tanks exceeds 500 km on a surfaced highway.

Improved mobility of modern tanks is also achieved by employing better transmissions,
control linkages, hull suspension systems, and improved visibility. Modern tanks
employ various 5-7 gear mechanical transmissions, and hydromechanical transmis-
sions.

Hydromechanjiral transmissions with hydrodynamic torque converters are widely em-
ployed on tracked and wheeled armored vehicles. The Swedish STRV103B, the Swiss
P68 tank, and the West German Marder armored personnel carrier employ stepless steer
in g mechanisms in order to improve ease of handling; change in track speed required
to execute a turn is achieved with the aid of controlled hydraulic transfer units,
powered by the engine parallel to the main flow of power to the transmission.

Realization of a tank's tractive and dynamic characteristics, provided by the power-
plant and transmission, depends to a large degree on the performance of the con-
trol linkages. Hydraulic servo links are in quite widespread use today, with con-
trol work performed almost entirely on the energy provided by special sources.

The Chieftain tank shifts gears by electric-powered linkage. On the Leopard tank
the hydraulic-linkage slide valves feature electromagnetic remote control.

The steering controls on some tanks are similar to automotive and aircraft con-
trols, that is, in the form of a steering wheel (M60Al and Leopard 1 tanks).

An important role in achieving a high average tank speed off roads 1s played by
the quality of the suspension systems, and therefore considerable attention is
currently being focused on improving them.

In comparison with the other main tank system groups, the track drive is the
shortest-lived. This is due to the extremely severe operating conditions of such
drive components as the track links and meshing points. At the present time two
types of track links are employed: open metal and ring-type rubber-metal (silent
block).

Excellent tank cross-country capability is obtained with a small specific ground
pressure and good track-soll adhesion. This is achieved by employing wide tracks
with effective lugs. The experience of the last war substantiates the low specific
ground pressure achieved by the Leopard 1 and AMX-30 tanks (0.77 kg/cm2 for the
AMX-30).
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Great importance has always been attached to ability of tanks to cross rivers.
This 18 particularly important under present-day conditions, since combat opera-
tions should be conducted a: a rapid pace. Modern tanks can cross rivers without
employing unwieldy crossing equipment -- wading, and afloat. A tightly-sealed
hull and effective turret race seals enable tanks to cross deep fords with little
preparation.

Underwater tank operating capability at a depth of 4~5 meters is today considered
practically a mandatory requirement on modern tanks. These requirements are met
by the M60Al, Leopard 1, AMX-30 and other tanks. In the Soviet Union submerged
tank operation was tested as early as before World War 1I.

In order to cross rivers afloat under its own power, a tank should possess buoyancy
and water propulsion capability, For this purpose a number of tanks (Centurion,
SRTV103B) are equipped with detachable screens which increase their displacement.
Either the tank's tracks or special detachable propellers powered off the tank's
drive sprockets are employed as water propulsion devices.

Modern tanks employ various navigation gear for determining position in the field --
from a simple directional gyro with speedometer to highly complex computer~equipped
course indicators and automatic course plotters.

The Leopard 1A3, AMX-30 and P68 tanks employ computers for continuous determination
of the tank's topographic coordinates and angle of movement. In the Swedish ANS~
100 navigation system, results are gauge-displayed; in the German Teldix and
Canadian LNS systems, the track covered by the tank is additionally recorded by an
automatic recording stylus or indicated on a map by an illuminated arrow.

U.S. and British tanks, in addition to a course plotting computer, employ a course
indicator showing the shortest route to the selected destination. The gauges con-
tinuously display the tank's current coordinates, distance to destination, the
tank's course angle and bearing to destination. The tank's route of movement is
recorded on a map by the automatic course plotter.

Reliability has become extremely important for today's tank. We should note that
tank reliability is defined as its capability to operate continuously, in con-
formity with its combat performance characteristics, without repairs, complicated
adjustments and replacement of parts and assemblies if they are not specified as
part of routine servicing of this equipment.

Modern combat operations demand that a tank crew remain in the tank for extended
periods of time with fully closed hatches. At the same time the endeavor to
achieve a compact layout, dictated by demands of reducing weight, decreasing size
and strengthening armor protection have resulted in extremely small tank interior
spaces, while the necessity of protecting the crew against the various casualty-
producing elements of the nuclear burst has required that vehicles be fully air-
tight. If to this we add the fact that the fighting compartment and driving com-
partment become filled with propellant gases during firing, one gains a picture
of the difficult conditions in which a tank crew will find itself, especially at
high outside air temperatures.

In connection with this there arose the necessity of equipping tanks with ventila-
tion and air conditioning units which would ensure the interior air a specified
degree of purity, temperature and humidity (microclimate).

18
FOR OFFICIAL USE ONLY



Ll bt aba d e £ o finh e Bia die £ia Rt it ing Ala S0 i 2t 819 By BNg RUn B\ g% AW ¥y 7V, RV §Vg BF) FVo NV KU BV, §7 RVo Ju BUL T¥ o Vo J0 o Jo Qe SEr Savy e s TR peaapuns

FOR OFFICIAL USE ONLY

In conclusion it is important to stress that as armored equipment becomes more
sophisticated, the design of combat vehicles becomes more complex, and their cost
increases. According to information published abroad, for example, at the end of
World War IT the U.S. M4A4 main battle tank (Sherman) cost approximately 55,000
dollars, while the M48 tank cost 156,000 dollars in 1958, the M60Al tank cost
220,000 dollars in 1971, and the cost of the XM 1 main battle tank, produced in
quantity, will exceed 500,000 dollars.

2. Future Evolution of Tanks and Thelr Performance Characteristics

By the mid-1970's the process of saturating forces with postwar second-generation
tanks, that 1is, the M60Al, Chieftain, Leopard 1, and AMX-30 tanks, developed at the
beginning of the 1960's, was completed in the major capitalist countries. Moderniza-
tion is of great importance in improving performance characteristics, alongside the
normal process of tank development, involving systematic development of new models
for the immediate and more distant future,

Tank modernization consists essentially in the following: in connection with the
fact that one and the same tank has been in production and on the line for an ex-
tended period of time, models of subsequent series, in order to improve their com-
bat effectiveness, are equipped with improved instrumentation, mechanisms, systems
and equipment. The performance characteristics of tanks of subsequent series
prove to be better, which makes tanks of one and the same type unequal from the
standpoint of combat capability and leads to destandardization in respect to their
equipment.

In order to correct this deficiency, a number of countries are "boosting" older
tank models to the level of more recent models. As is indicated by the develop-
ment of the different models of the Leopard 1, M60Al, Chieftain and other tanks,
principal attention in improving the performance characteristics of main battle
tanks in the process of their modernization is focused on increasing firepower by
improving accuracy of tank fire and increasing rate of fire. In connection with
this, tanks are equipped with increasingly more sophisticated means of automating
the processes of preparing for firing and firing, which increase first-round hit
probability at all ranges. On those postwar second-generation tank models, on the
first series of which gun stabilizers, range finders or ballistic computers were
not installed, they are installed on later series (models), while less sophisticated
range finders and mechanical computers are replaced with laser and electronic
equipment respectively.

Only on the M60A2 tank, which constitutes one direction of development of the M60
tank, is boosting firepower based on employment of a combined gun-launcher, which
makes it possible to use a gun of moderate ballistics (but large caliber) to fire
both conventional projectiles and missiles.

Strengthening of armor protection when modernizing postwar second-generation tanks
is limited by the complexity of altering a vehicles design and as a rule is per-
formed only on those vehicles which possess certain reserve in their power-to-weight
ratio, since these measures involve increasing a tank's weight, and this can lead
to diminished mobility. Therefore only anti-shaped-charge skirting plates were
added to the Leopard 1Al, while turret armor was strengthened on the Leopard 1A2
and Leopard 1A3.
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Improving mobility through modernization is a very difficult task, since this
usually requires increasing engine horsepower, which leads to substantial changes
in tank hull design. Therefore improved mobility on these models is achieved as a
rule not by increasing the tank's power-to-weight ratio but by furnishing the tank
with equipment for deep fording without a halt, by providing the driver with im-
proved night vision devices, etc.

As a rule, modernization of each new model provides further improvement in opera-
tional reliability of the tank's machinery and mechanisms.

Development of future main battle tanks. Following failure of the joint U.S.-
West German development of a main battle tank for the 1970's (MBT-70), these
countries went their own separate ways in designing technically simpler and con-
sequently less expensive tanks than the MBT-70.

In 1972 the United States commenced work on the new XM1 tank, which the Pentagon
plans to use as a replacement to the M60 series tanks. The well known automotive
companies Chrysler and General Motors, which have long specialized in the area of
building tanks, proceeded with development of this new tank on a competitive basis,
working on the same specifications and performance. Experimental models of the
tanks developed by these two companies underwent factory testing in 1975, and com-
petitive tests to determine the better model began in the spring of 1976.

The two tanks have much in common: a welded hull with highly-slopad glacis plate,

a welded turret carrying a 105 mm rifled gun, and layered armor protection. Both
tanks carry a four-man crew and weigh approximately 53 tons. The tanks carry a
fire control system which includes horizontal and vertical gun stabilization, a
laser gunsight-range finder, electronic ballistic computer, and gunsight with
stabilized line of sight.

As auxiliary armament the XM1 tank carries a 7.62 mm machinegun coaxial with the
main armament; in the future this machinegun is to be replaced with a 20-30 mm gun;
a 12.7 mm antiaircraft machinegun mounted by the commander's position, and a 7.62 mm
machinegun center-pivot mounted by the loader's position.

- l

Figure 1.1.7. XM1 Tank (United States)

In order to increase tank battlefield survivability, on both models of the XM1
tank ammunition and fuel are stored in isolated armored compartments. The XM1
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tank, due to elimination of the commander's cupola and compression of the hull, is
considerably less than the M60 series tanks in height.

Both test models of the XM 1 tank are powered by 1,500 horsepower engines: the
General Motors tank is powered by a diesel engine, while the Chrysler tank is
powered by an AGT-1500 gas turbine engine. Both models employ the same hydro-
mechanical transmission -- an Allison X-1100, which has four speeds forward and
two reverse. The continuous steering gear, with disengaged gearbox, enables the
tank to turn with the tracks rotating in opposite directions.

It is believed that the tank's high power-to-weight ratio (approximately 30 horse-
power per ton), with improved transmission and suspension system, will enable both
models to attain a top speed of 70 km/h and an average off-road speed of 40-50 km/h.

According to reports in the U.S. press, in the spring of 1977, as a result of com-
parative tests on the submitted versions of the XM-1 tank, the nod was given to
the Chrysler version (Figure 1.1.7), which was assigned the designation Abrams.
Initiation of series production was targeted for 1979.

In the FRG development of new tanks is proceeding at a very rapid pace. By 1976
factory and field testing was completed on experimental versions of the Leopard 2
main battle tank, which was to replace the obsolete U.S.-made M48A2 tanks which the
Bundeswehr was still using .

Figure 1.1.8. Leopard 2 Tank (FRG), With Skirting Plate Removed

The Leopard 2 tank (Figure 1.1.8) has a traditional layout, with the engine-trans-
mission compartment positioned aft and carrying a four-man crew. The tank's hull
and turret are welded.

This tank was developed with employment of improved assemblies and components of the
Leopard 1 models, as well as satisfactorily performing gear developed during the joint
project, with the United States, on a version of the MBT-70 tank -- the KP70 tank.

The tank's main armament will be a 105 mm or 120 mm smoothbore gun, which is cur-
rently undergoing comparative tests with this aim in mind.
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The Leopard 2 tank employs a new fire control system, which includes a laser gun-
sight-range finder, electronic ballistic computer, vertical and horizon-al gun
stabilizer, passive infrared gunsights and vision devices. Weighing aboit 55 tons,
the Leopard 2 has thicker armor protection than the Leopard 1. 1t 1s powered by

a multi-fuel 1500 horsepower diesel engine, which provides the tank with high speed
and acceleration.

An improved version of this tank has been developed on the basis of testing of
versions of the Leopard 2 tank; the improved model is designated the Leopard 2AV.
The principal difference between the Leopard 2AV and the Leopard 2 tank is employ-
ment of a turret of new design with reinforced multilayered armor, as well as
storage of fuel tanks and ammunition in explosion-safe containers.

In 1976 the Leopard 2AV tank was being built in two versions. One tank, with a T-20
turret, carrying a 120 mm smoothbore gun and an improved fire control system, was
being built by the West German company AEG-Telefunken, while the other, with a T-19
turret, carrying a 105 mm rifled gun and fire control system, was built by the U.S.
firm of Hughes. On the basis of tests, preference was given to the 120 mm smooth-
bore gun.

A Leopard 2AV tank with the T-19 turret was tested at proving grounds in the United
States for the purpose of comparing its performance with U.S. experimental versions
of the XM1 tank. In these tests its average speed proved out at 55 km/h on

rough terrain and 68 km/h on roads.

According to published information, work on future tanks is also in progress in
France and Japan; French experts, just as in many other capitalist countries, reached
the conclusion that tanks in the immediate future should carry gun, not missile-gun
armament. Therefore a 120 mm smoothbore gun was selected for France's new tank,

and new ammunition is being developed.
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Chapter 2. SELF-PROPELLED ARTILLERY

Self-propelled artillery first appeared in the armament of armies considerably
later than tanks, in the process of development of armored equipment and designa-
tion of combat vehicles to perform narrower, more speclialized missions. For this
reason their armament is not as versatile (as regards performance characteristics
and capabilities) as tank armament.

In the postwar period, in connection with the necessity of ensuring a rapid rate

of troop advance, self-propelled guns, designed to provide fire support to ground
forces combat units, experienced extensive development in the armies of a number of
countries, especially the U,S. Army.

This category of armored fighting vehicles performs a totally different function
than the self-propelled guns employed in the Soviet Army. The self-propelled guns
developed in the USSR in the latter half of the Great Patriotic War were mounted on
tanks (light, medium and heavy), by replacing the rotating turret with a fixed
armored housing, in which would be mounted a gun of a large caliber than in the
turret of the ccorresponding tank. This made it possible under conditions of war-
time, without decreasing the rate of production of armored equipment, to obtain for
the army armored fighting vehicles possessing greater firepower than the tanks on
which they were based.

Following ware the principal missions of the various types of Soviet self-propelled
artillery of that time:

light —— killing personnel and weapons, exposed and lightly sheltered;
medium -- destroying tanks and assault guns;

heavy -- destroying and neutralizing permanent pillboxes, earth-and-timber
emplacements, engaging artillery, repulsing attacking tanks and assault guns.

Soviet self-propelled guns for the most part employed direct fire from brief halts.
They were equipped with panoramic sights for fire from indirect positions.

Today's self-propelled artillery is assigned the mission of providing direct support
to ground troop units combat operations. They are used because even under condi-
tions of nuclear missile warfare, artillery support is frequently needed for suc-
cessful operations by tank and motorized rifle (motorized infantry) units to
penetrate a defense and in the course of combat operations. For this mission
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brigades, divisions and corps of the armies of the United States, FRG, France and
other countries contain artillery units armed with self-propelled guns, which con-
stitute lightly-armored mobile tracked vehicles carrying howitzers or guns. As a rule
they will deliver group fire from indirect fire positions.

In conformity with the missions performed, self-propelled artillery armament should
boast a substantial range, the capability to kill targets over large areas, as well
as good fire maneuverability (in range and laterally).

As practical experience indicates, the armament of self-propelled guns up to 150 mm
can be mounted in a fully-rotating enclosed turret. Some self-propelled guns are
armed with machineguns, which have the mission of engaging air and ground targets.
Normally they are mounted externally on the turret. Antinuclear protection is
provided by sealing the hull and turret (when a turret is present) and providing
filter-ventilation units designed to protect the crew against radioactive dust and
toxic chemical agents.

U.S. Army officials, attaching great importance to combat vehicles of this category,
at the beginning of the 1960's adopted the M108, M109, M107, and M110 self-
propelled guns.

The M108 and M109 self-propelled howitzers (Figwe 1.2.1), which are similar in design,
extensively employ assemblies from the M113 armored personnel carrier and carry
105 mm and 155 mm howitzers respectfully.

Figure 1.2.1. M109 Self-Propelled Howitzer (United States)

The armament is mounted in fully-rotating turrets, and the small arms-defeating
armor plating on the hull and turret is of aluminum alloys, which made it possible
to give the vehicles float capability with the aid of inflatable rubberized floats.
A speed of up to 5 km/h afloat is achieved with the aid of the vehicle's regular
tracks. These self-propelled howitzers carry a 5-man crew.

The M109 self-propelled howitzer, which carries more powerful armament than the

M108, at the beginning of the 1970's replaced the latter in U.S. mechanized and
armored divisions.
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In addition to the standard high explosive fragmentation shells, low-yield nuclear
shells were developed for the 155 mm howitzer. The vehicle carries a full ammuni-
tion supply of 28 rounds. Maximum vehicle speed on dry ground is 56 kh/h, and the
vehicle weighs 26 tons.

The M107 self-propelled gun (175 mm) and M110 self-propelled howitzer (203.2 mm),
plctured in figures 1.2.2 and 1.2.3, are mounted on the same special chassis. The
artillery systems are mounted exposed on the chassis in the rear portion of the
hull and have a limited, 60 degree traverse. The hull is welded of armor steel
plates of various thickness and is divided by bulkheads into the following compart-
ments: driving, engine and transmission, located in the forward part of the hull,
to the left and right respectively, and the fighting compartment, positioned to the
rear of the hull. The vehicle carries a five-man crew (a driver, who is also gun
commander, two gunners, and two loaders). These vehicles have a top speed of

55 km/h. The drive sprockets are forward, and the idler wheels also perform the
function of sprung road wheels.

Figure 1.2.2, M107 Self-Propelled Gun (United States)

Figure 1.2.3. M110 Self-Propelled Howitzer (United States)

According to published reports, the M107 self-propelled gun and M110 self-propelled
howitzer (weight 28 tons) can be alrlifted by two aircraft: the chassis is
transported in one aircraft and the gun proper in the other. The 175 mm gun carries
only high explosive fragmentation shells. Maximum range of fire is 32.6 km. The
M110 fires a high explosive fragmentation shell and a low-yield nuclear shell.
Maximum range of fire is 17 km,

The ML07 and M110 carry only two rounds on the self-propelled gun proper, while the
remainder of the ammunition supply is carried by an auxiliary transport vehicle.
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The M107, M109 and M110 are extensively employed not only in the U.S. Army but also
in the armies of the FRG, Great Britain, Italy, the Netherlands, Norway, Israel,
etc.

The British Army adopted in 1963 the Atbot 105 mm self-propelleC gun. It is

similar in design to tte M109. It 1is based on a British FV432 armored personnel
carrier chassis (Trojan), features a fully armored hull, a rotating turret, and is
capable of crossing rivers afloat. This unit fires armor piercing, high explosive
fragmentation, and smoke shells. Maximum range of fire is 18.5 km. The vehicle
has a maximum speed of 47 km/h on land and 5.6 km/h on water. It carries a four-man
crew and weighs 17 tons.

In the French Army the artillery regiments of mechanized divisions also contain
self-propelled artillery. A 105 mm self-propelled howitzer, based on the AMX-13
light tank, 1s similar in design to the U.S. M108 and M109. The vehicle is fully
armored. The howitzer is mounted in a fully-rotating turret (prior to moderniza-
tion, effected in 1962, the howitzer was mounted in a fixed turret-like structure).

The design of the French 155 mm self-propelled howitzer is reminiscent of the M107
and M110. It was developed in 1962, on the modified chassis of an AMX-13 light tank.
The weapon, which 1s a modernized upper part of thce M50 155 mm field howitzer, is
mounted exposed, without armor cover, on the rear of the vehicle.

In Israel the L-33 self-propelled howitzer was developed on the chassis of the U.S.
M4A3 Sherman tank, which was built during World War II. The L-33 was used by

the Israelis in the October War of 1973 for artillery support. This self-propelled
unit carries a French M50 155 mm howitzer mounted in a fully armored enclosed hull.
A 7.62 mm machinegun is mounted in a rotating sub-turret.

In recent years self-propelled artillery for this role has been evolving toward in-
creased firepower, achieved in the course of modernization, and development of new
models based on main battle tanks.

Increasing the firepower of self-propelled artillery during modernization is
achieved by increasing range and effectiveness of projectiles on the target. In-
creased range in turn is achieved by lengthening the barrel, increasing propellant
charge, improving the ballistics of the artillery system and projectile, and by
employing rocket-assisted proj-ctiles.

In modernizing the M109 155 mm self-propelled howitzer, for example, the barrel
was lengthened by 2.44 m, which made it possible to increase range when firing a
high explosive fragmentation round from 14.6 to 18.1 km (following modernization
the self-propelled howitzer was redesignated the M109Al).

The barrel of the M110 203.2 mm self-propelled howitzer (following modernization
redesignated M110E2) was lengthened by 2.74 m, which made it possible to increase
range, when firing a high explosive round, from 17 to 22 km, and to 30 km when
firing a rocket-assisted projectile.

For the purpose of standardization of combat equipment employed by ground forces
combined units, as well as to achieve mobility and protection equal to tanks, a num-
ber of Western countries began developing self-propelled artillery based on main
battle tanks.
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Figure 1.2.4. 155GCT Self-Propelled Gun (France)

France, for example, developed the 155GCT 155 mm self-propelled gun based on the
AMX-30 tank (Figure 1.2.4); the 155GCT was tested in 1973. 1Its gun is mounted in a
fully-rotating armored turret. A 7.62 mm (or 12.7 mm) machinegun is mounted on the
turret roof, over the loader's hatch. One feature of this self-propelled gun is the
employment of automatic loading and fire control system, which provides a rate of
fire capability of up to 8 rounds per minute. The fire control system can put the
gun on the target both in direct fire and indirect fire situations. The vehicle
carries a four-man crew. Published reports stated that the 155GCT self-propelled
gun is to replace in the French Army the 155 mm self-propelled howitzer based on the
AMX-13 tank.

The Swedish Army has adopted the VK155 155 mm self-propelled gun, based on the
STRV103B tank. The gun is mounted exposed on the rear of the vehicle between fixed
turret-like structures on the left and right. Automatic loading makes it possible
to deliver both automatic fire and single shot fire. The vehicle carries a five-man
crew.

t
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Chapter 3. ARMORED PERSONNEL CARRIERS AND INFANTRY COMBAT VEHICLES

1. Tracked Armored Personnel Carriers and Infantry Combat Vehicles

Much attention has been devoted in the armies of the capitalist countries in the
postwar years to the development of armored personnel carriers (APC) and especial-
ly infantry combat vehicles (ICV). Although tank design also exerts considerable
influence on the development of vehicles of this category, development of a number
of characteristics of APC and ICV is proceeding in an independent direction,
proceeding from the role and features of their combat employment. Armored per-
sonnel carriers were falrly extensively utilized in World War 1I. They were em-
ployed in motorized infantry units, for reconnaissance, for mounting various ar-
mament, including antiaircraft guns, for transporting guns and accommodating gun
crew and ammunition on the carrier proper, and as staff and various specialized
vehicles. They were entirely open on top. Armored personnel carriers were divided
into wheeled, tracked, and half-tracked types.

During World War II the United States built a total of 41,000 half-tracked armored
personnel carriers.* The Wehrmacht was also equipped with light and medium half-
tracked armored personnel carriers. Great Britain built for the most part light
tracked armored personnel carriers.

During the Great Patriotic War the Soviet Army used tracked and half-tracked
armored personnel carriers.

In the postwar period, in connection with the increased pace of combat operations,
armored personnel carriers began to be quite extensively employed in motorized

rifle (motorized infantry) troops, not only to transport infantry but also for com-
bat mounted.

Armored personnel carriers of only two types have been employed in quantity since
World War II: wheeled and tracked. Half-tracked armored personnel carriers are no
longer being built, although activities abroad in this area are continuing, as a
consequence of the tempting possibility of combining the positive characteristics
of both types.

* See ZARUBEZHNOYE VOYENNOYE OBOZRENIYE, No 8, 1974.
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Simultaneous employment of wheeled and tracked armored personnel carriers in the
armies of the world is dictated by the following factors: track drive offers
simplicity of vehicle overall design, excellent terrain capability under various
conditions, and a high degree of battlefield survivability. But a tracked vehicle
is quite inferior to a wheeled vehicle in terms of service life and efficlency,
which affects fuel consumption, vehicle range, and powerplant horsepower require-
ments.

In addition, a wheeled vehicle operates noiselessly and can run on hard-surface
roads without damaging them. Another important factor in employing wheels rather
than tracks on an APC is the existence of an extensive production base -- the
automotive industry.

Competition between tracked and wheeled systems for utilization on combat vehicles
of this category led to a reduction in the deficiencies characteristic of both
types, without giving one type total superiority over the other.

The development of combined rubber-metal track links has made it possible substan-
tially to extend their service life and improve their efficiency at high speeds.

At the same time the employment of APCs with multiple driving wheels and develop-
ment of tires of special design have made it possible to improve the cross-country
capability of wheeled vehicles, while the development of bulletproof tires has in-
creased their survivability in combat conditionms.

Substantial changes in the design of armored personnel carriers made in the postwar
years were a consequence of the potential employment of weapons of mass destruction,
which dictated reexamination of performance requirements on all armored equipment.

According to current views, armored personnel carriers should be capable of travel
across terrain with radioactive, chemical and bacteriological contamination, that
is, they should be fully armured, sealed, equipped with an antinuclear protection
system and an air filtration-ventilation system, effectively diminishing the effect
of the casualty-producing elements of weapons of mass destruction on personnel.

In order to increase troop mobility, it is desirable that armored personnel carriers
be amphibious and air-transportable (the latter requirement limits their size and
weight).

Armored personnel carriers employed today in motorized rifle (motorized infantry)
troops are usually built to accommodate a squad.

In the past it was considered that the APC was intended only to transport in-

fantry to the battlefield, while combat proper was conducted only in dismounted com-
bat formations, while today in a number of combat situations doctrine calls for in-
fantry to fight mounted on personnel carriers, which therefore should be of approp-
riate design and construction.

Infantry combat vehicles represent a further stage in the evolution of armored
personnel carriers. ICVs are a qualitatively new weapon for motorized rifle
(motorized infantry) units ~-- the principal infantry means of combat and transporta-
tion under present-day conditions. They give infantry the requisite mobility and
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protection, increase infantry fire capabilities and ensure close coordination with
tanks.

Obviously one should not view the ICV as an independent weapon, as some kind of
light tank for motorized rifle troops. The tank and ICV are partner vehicles,
complementing one another and working in close caoperation in the performance of
combat missions.

Possessing a good field of view and diversified personal weapons, infantry equipped
with ICVs, fighting both dismounted and mounted, can do a better job than tank

crews in hitting mass close-combat antitank weapons (antitank rifles and grenade/
rocket launchers). The fact that the ICV carries mounted weapons in the form of
guns and ATGM enables the vehicles' crews to hit armored targets, to provide fire
support to a dismounted assault force, and if necessary to deliver fire on tanks and
helicopters.

At the same time, employment of high-mobility wvehicles to transport infantry to and
on the battlefield will enable infantry to conduct dynamic, highly-mobile actions
under the most diversified conditioms.

We should emphasize that the birth and development of the ICV does not eliminate

the future development and retention of armored personnel carriers. Under present-
day conditions the APC should be viewed as a mass-use version of the ICV, with
limited capability for infantry to deliver fire mounted and for teamwork with tanks.
Retention of the APC is dictated by the mass character of modern armies, by the
fairly high cost of an ICV, and by the specific features of a theater.

In the view of foreign military experts, track drive is more preferable for an ICV:
it possesses important advantages of layout and has much greater battlefield sur-
vivability. A wheeled system is employed on those combat vehicles which require
first and foremost higher speed, greater range, and quiet operation.

Both tracked and wheeled armored personnel carriers are being produced abroad.
At the present time APCs are employed:

as a means of transport and weapon of motorized (motorized infantry) units,
and in a number of instances also as a mass-use and comparatively cheap ICV;

for conduct of reconnaissance;
as a platform for various weapons;

as command vehicles, control and communications vehicles, ambulance, transport
vehicles, etc.

In 1958 the United States began producing the M113 tracked amphibious armored per-
sonnel carrier, designed to carry an infantry squad on the battlefield. Sub-
sequently more than 40,000* combat vehicles of various roles have been built based
on the M113 APC. At the present time they are being used by the armies of almost 30
countries, while in some countries such vehicles are being built under U.S. license.

* See ZARUBEZHNOYE VOYENNOYE OBOZRENIYE, No 8, 1974.
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Figure 1.3.1. MI113Al1 Armored Personnel Carrier (United States).

Foreign experts note the following features of the M113 armored personnel carrier:

relatively light weight (10.4 tons), as a result of employing aluminum alloy armor;
good cross—country performance (it is amphibious, with a ground pressure of

0.51 kg/cmz); large load capacity; simplicity of censtruction (hence the vehicle's

low cost and ease of repair when it breaks down).

A large "family" of vehicles was developed, based on the M113 armored personnel
carrier: a mobile command post, a 107 mm mortar carrier, flame thrower, carriers
for the Mauler antiaircraft missile system, the Lynx command and scout vehicle, etc.

After modernization, consisting in installing a diesel engine with a new hydro-
mechanical transmission, this armored personnel carrier was redesignated the M113Al
(Figure 1.3.1). Addition of the diesel engine increased the vehicle's range to

500 km.

Combat experience with the M113A1 APC in Southeast Asia showed the need to make a
number of improvements which increased its combat effectiveness. In order to im-
prove cross-country performance, the M113Al1 APC carries self-recovery gear. It is
air-transportable and can be dropped by parachute.

The M114 tracked armored personnel carrier (redesignated M114Al following moderniza-
tion) has been in use since 1960 and is employed by the U.S. Army as a scout and
command vehicle. It can accommodate four persons. Combat weight is approximately

6 tons. It is armed with a 12.7 mm machinegun mounted on a ring mount on the fixed
commander's cupola, ad a 7.62 mm machinegun on a saddle pivot mount on the hull roof.
It carries aluminum alloy armor for protection against small-arms fire. Maximum
speed on land is 64 km/h, and on water -- 6 km/h (with tracks assisting as paddles).

Work has been in progress for quite some time now in the United States on develop-
ment of the XM723 amphibious ICV (Figure 1.3.2), weighing 18 tons and armed with a
small-caliber gun. It is intended to fight in the general order of battle with the
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main battle tanks. Its frontal armor should provide protection against a 23 mm
projectile at a range of 300 meters, side and rear armor should defeat 14.5 mm
bullets at a range of 300 meters, and the roof armor should protect against 155 mm
shell fragments in a radius of 10 meters from the burst point.

Figure 1.3.2. XM723 Infantry Combat Vehicle (United States)

According to published reports, one obstacle impeding the development of an ICV for
the U.S. Army is the vehicle's high cost, which is estimated at 123,000 dollars for
this version (the M113 APC costs about 30,000 dollars).

In the FRG, Bundeswehr officials, in contrast to a number of their NATO bloc allies,
are of the view that with the aid of lightly armored vehicles it is possible not
only to deliver infantry to the battlefield but also to seize and hold terrain, to
engage in street fighting in built-up areas, to sweep woods, to cross water ob-
stacles, to engage hostile armored troops and to perform other combat missions.

Figure 1.3.3. Marder Infantry Combat Vehicle (FRG)
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Only tracked APCs are presently operational in the Bundeswehr. These include the
well-known U.S. M113 APC, the HS-30 APC, developed by the Swiss company Hispano-
Suiza, as well as the SP1lA, developed by the French company Hotchkiss on contract
for the Bundeswehr. The HS-30 and SP1A APCs are not amphibious. The HS-30 APC is
intended for transporting on the battlefield infantry supporting tank combat ac-
tions, while the limited-accommodation SPlA is used in reconnaissance units and

for liaison. According to published reports, in the near future the West Germans
plan to replace the obsolete, relatively slow SP1lA APC (which went into service in
1960) with an 8-wheeled amphibious vehicle of German manufacture, testing of which
was completed at the end of 1973.

The obsolete HS-30 tracked armored personnel carrier (in service since 1959) is
being replaced as rapidly as possible in motorized infantry brigades with the Marder
infantry combat vehicle (Figure 1.3.3). According to published reports, by the
beginning of 1976 there were already 2,100 Marder ICVs on the line.

The main armament of the Marder ICV -- a 200 mm automatic gun with coaxially mounted
machinegun -- is mounted above the two-man turret and can be used to engage both
ground and air targets. A second machinegun is mounted over a small cupola located
at the rear of the ICV, where there are also mounted devices for laying smoke
screens. The commander, depending on the combat situation, may position himself in
the turret together with the gunner, or behind the driver. Six riflemen arc carried
in the hull aft of the turret. On each side there are two spherical mantlets,
through which the riflemen can fire their personal weapon. Another rifleman is
positioned under the small cupcla, for firing the rear machinegun.

The Marder ICV weighs 28.2 tons (with skirting plates), that is, the vehicle carries
fairly thick armor protection. It negotiates water obstacles with the aid of its
tracks and special elastic floats, which can be mounted on the sides in 10 minutes.

The French Army operates both tracked and wheeled armored personnel carriers.

The TT6 Hotchkiss (in service since 1952) and AMX VVTM 56 (based on the AMX-13 light
tank and adopted in 1955) tracked armored personnel carriers are today considered
obsolete and are being replaced by the AMX-10P infantry combat vehicle (Figure 1.3.4),
which entered service in 1973.

Figure 1.3.4. AMX-10P Infantry Combat Vehicle (France)
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The AMX-10P ICV, meeting military requirements adopted by France in 1965, is
designed not only to carry motorized infantry but also to be employed by mechanized
combined units to operate in coordination with tanks, to provide tanks with cover
and to widen penetration,

According to the views of French military leaders, in developing modern combat
vehicles the greatest attention should be focused on mobility and firepower. The
term "mobility" also includes capability to negotiate water obstacles without
special engineer equipment, since the latter cannot always be employed.

The AMX-10P ICV weighs approximately 14 tons. It holds 11 men, as follows: a driver
forward on the left side, in the driving compartment, which connects with the
trooper compartment; gunner and commander in the turret; eight infantrymen in the
trooper compartment.

A large electrically-operated door at the rear of the vehicle swings down and forms
a ramp used by the troopers to mount and dismount, as well as for loading and off-
loading supplies. Two small exits are built into the rear door for crew egress
under combat conditions. In addition, there are two hatches in the roof of the
trooper compartment.

With the aid of observation periscopes (three at the driver's positlion, seven in

the turret, seven in the trooper compartment), crew members and troopers can ob-
serve in all directions, which improves capability to deliver aimed fire from on-
board armament and personal weapons, as well as improving troop dismounting capabili-
ty. Troopers can deliver fire from their personal weapons through ports in the

small rear doors. In addition, troopers can fire through the roof hatches.

AMX-10P ICV armament consists of a 20 mm automatic gun and coaxial 7.62 mm machine-
gun which, in the opinion of foreign experts, provides capability to engage light
combat vehicles at ranges up to 1,000 meters, as well as air targets.

The hull of the AMX-10P ICV is of welded aluminum alloy plates, while the turret is
cast. The thickness and slope of the armor plates provide protection against

heavy caliber machinegun fire. An air filtering and ventilation system provides
protection against nuclear, chemical, and bacteriological weapons.

Maximum speed of the AMX-10P is 65 km/h. It can swim across water obstacles with
the aid of water jets and its tracks. Low ground pressure (0.53 kg/cm?) indicates
the vehicle's excellent capability to negotiate poor-traction terrain (swamp, snow,
sand).

France has developed a "family" of vehicles based on the AMX-10P. Some of them are
tracked, while others are wheeled. All are amphibious and have a single engine-
transmission compartment; suspension is hydropneumatic, with variable clearance.

Ground troops in Great Britain, just as in France, are equipped with wheeled and
tracked armored personnel carriers.

The FV432 Trojan tracked APC (Figure 1.3.5), in service since 1963, is designed to
carry personnel on the battlefield. It has a watertight armor hull which protects
personnel against small-arms fire and shell fragments. Eleven troopers are ac-
commodated along the sides of the hull. Armament is a 7.62 mm machinegun mounted
in the commander's hatch.
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Top speed on land is 52 km/h. For swimming across water obstacles, the armored
personnel carrier is equipped with a special screen-type flotation device similar
to that of the Centurion tank. The vehicle is powered across water by paddling
action with the tracks.

Figure 1.3.5. FV=-432 Trojan Armored Personnel Carrier (Great Britain)

According to published information, Switzerland has developed a modernized ICV,
which has been given the designation Typhoon, based on the Tornado ICV.

In addition to the above, tracked armored personnel carriers of domestic manufac-
ture are being built in Austria, the Netherlands, Switzerland, Sweden, and Japan.

2. Wheeled Armored Vehicles

In recent years there has been observed the process of intensified development of
wheeled amored vehicles which, in the opinion of foreign experts, is due to ever
increasing demands pertaining to mobility and general protection of ground troops,
development of concepts of combat employment of WAV* of various role, and con-
siderable advances in the area of their design.

The general design features of WAVs are determined by the fact that their manu-
facture is set up on the foundation of the automotive industry.

The specifications and performance characteristics of WAVs are characterized by the
following principal features, as compared with tracked armored vehicles of approx-
imately the same role:

they are better adapted than tracked vehicles to execute long marches at a
rapid pace; they are capable of traveling at high speed on hard-surface roads
without damaging the road surface; the crew tends to tire less rapidly as a con-
sequence of quieter operations, a smoother ride, and less vibration; fuel consumptior

* Wheeled armored vehicles of verious role shall henceforth be designated WAV in
this text.
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per motorized rifleman in a wheeled vehicle averages from 67 to 55 percent that of
a tracked vehicle with the same carrying capacity;

WAVs are usually more reliable and economical to operate: engine time between
overhaul 1is three to five times greater, and six-eight times for running gear; a
WAV 18 characterized by less sensitivity to disruptions in the extent and frequency
of servicing, while labor required in servicing comparable vehicles ranges from one
half to one third as much; relative requirements in repalr, servicing and supply
facilities are lower for the WAV, which makes it possible substantially to reduce
stocks of supplies and maintenance facilities.

At the present time WAVs are extensively employed in the armies of capitalist
countries. The majority of these vehicles range from 5 to 20 tons, which is con-
sidered by foreign experts to be the most reasonable limit, proceeding from their
role, performance characteristics, as well as from considerations of economy;

as regards overall protection capabilities, WAVs are for all practical pur-
poses equivalent to tracked combat vehicles of the same category, but a wheel
drive system is significantly inferior to track drive in combat survivability.

The present generation of WAVs is represented by a very broad variety of vehicles.
They include combat reconnaissance vehicles (CRV), light and heavy types, wheeled
armored personnel carriers (APC), infantry combat vehicles (ICV), combat support
and supply vehicles.

In the opinion of foreign experts, the following general directions can be noted in
improvement of vehicles of these types:

further strengthening of armament and protection;

efforts to achieve a substantial increase in mobility by increasing
vehicle power, speed and cross-country performance, including trench-crossing
capability and a requisite level of water obstacle crossing ability;

extensive standardization of component parts and development of extensive
"families" of vehicles.

Wheeled combat reconnaissance vehicles carry comparatively powerful armament,
strengthened armor protection, and are designed to carry a small crew. Vehicles
of this type, in addition to performing reconnaissance missions, engaging enemy
personnel and weapons, are employed for unit security, transporting liaison of-
ficers, and are also enlisted to engage enemy armored targets in favorable situa-
tions.

Light vehicles of this type carry machinegun armament or a small caliber automatic
gun. The armored hulls are as a rule of the enclosed type, with a turrst. Armor
protection is usually adequate against small arms, but in a number of new designs
protection is provided against projectiles fired by small caliber guns.

The Fox light combat reconnaissance vehicle (Figure 1.3.6) is a two-axle vehicle
with all-wheel drive. It has an aluminum armor hull. The hull front plates
provide protection against heavy caliber machinegun fire. A 30 mm automatic gun
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is mounted in the turret. It is also armed with a 7.62 mm machinegun and smoke

bomb dischargers. The vehicle contains an air filtering and ventilation unit, a
radar, navigation instrument, and a nuclear weapon warning system. Night vision
devices are provided for the driver.

Figure 1.3.6. Fox Wheeled Combat Reconnaissance Vehicle (Great Britain)

The vehicle weighs 5.8 tons and is powered by a 198 horsepower motor. The vehicle's
maximum speed is 90 km/h, and it has a range of 1,000 km.

A flotation screen is provided for crossing water obstacles; when the screen is
mounted, sufficient displacement is obtained for buoyancy. When afloat, the
vehicle advances and turns propelled only by its drive wheels. Without preparation,
the vehicle can wade to a depth of 0.9 m. The vehicle has a three-man crew.

Figure 1.3.7 shows the Luchs heavy wheeled amphibious combat reconnaissance vehicle
(FRG). It is a four-axle vehicle with all-wheel drive and all wheels steerable.
The vehicle weighs approximately 19.5 tons. Its main armament is a 20 mm automatic
gun and a coaxial 7.62 mm machinegun, mounted in a two-man turret. The vehicle
carries 500 rounds for the gun and 2,000 machinegun rounds. The hull frontal

armer provides protection from 20-30 mm automatic guns fired from a range of 800-
1,000 m. The vehicle is equipped with an air filtering and ventilation unit,

which maintains an overpressure inside the sealed portion of the hull. The vehicle
is operaied by a four-man crew, including two drivers.

One feature of this vehicle's general layout is placement of the powerplant in the
middle part of the hull, and the fat that there are two driver positions. The engine
develops a maximum of 390 horsepower. The hydromechanical transmission contains a
reversing gear, and therefore top speed forward and reverse are equal, 96 km/h.
The vehicle 1s provided with excellent cross-country performance by employing
14.00 x 20 tires, a variable pressure system, substantial ground clearance, of

405 mm, and high angles of approach and departure (65-67°). The vehicle is
capable of crossing ditches up to 1.9 m wide, climbing a grade up to 35°, and
negotiating a vertical obstacle up to 0.9 m. Speed afloat is up to 11 km/h. The
vehicle has a range of 800 km.

The French AMX-10RC combat recornaissance vehicle (Figure 1.3.8), carrying power-
ful gun armament, can perform missionz of engaging enemy tanks. The vehicle has a
three-axis chassis with all-wheel drive. Main armament is a 105 mm gun mounted in
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a turret. The fire control system includes a laser range finder and automatic cor-
rection. The vehicle carries a four-man crew. It has a low silhouette and has high
mobility. The vehicle is powered by the powerplant of the "family" of AMX-10 light
tracked vehicles, which includes a turbocharged 280 horsepower diesel and a trans-
mission package consisting of a torque converter and a mechanism which combines the
functions of gearbox and steering mechanism. The vehicle can turn "like a tank,"
with the wheels on the right and left sides of the vehicle turning at different
rates. Maximum road speed is 85 km/h, average cross-country speed ranges up to

40 km/h, and speed afloat is 8 km/h. The vehicle has a range of 800 km. The sus-
pension system has a variable clearance feature.

Figure 1.3.7. Luchs Wheeled Combat Reconnaissance Vehicle (FRG)

Figure 1.3.8. AMX-10RC Wheeled Combat Reconnaissance Vehicle (France)

As early as World War II armored personnel carriers became the most numerous type

of wheeled armored vehicles; these are intended primarily for transporting motorized
rifle units to the battlefield. The motorized riflemen then dismount and fight in
dismounted formation with fire support provided by the organic weapons of the
armored personnel carriers.
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In the opinion of foreign experis, it is expedient to employ wheeled armored per-
sonnel carriers to carry infantry on the battlefield and for participation in com-
bat in cooperation with tracked combat vehicles only with a favorable combat situa-
tion and terrain.

As a rule wheeled armored personnel carriers are armed with machineguns, while in
certain instances they also carry modern weapons for engaging armored targets and
low-flying aircraft. The principal design feature of armored personnel carriers is
the fact that the armored hull is made large in order to accommodate the troopers
being transported, and therefore the armor protection on these vehicle can only
defeat small arms fire. As a rule the hull is of the enclosed type.

Figure 1.3.9. M706 Commando Wheeled Armored Personnel Carrier (United States)

Depending on the number of personnel transported, wheeled armored personnel carriers
can be small, medium, and large. Small-accommodation armored personnel carriers in-
clude vehicles which carry up to a motorized rifle squad; if up to two squads can be
accommodated, the APC is assigned to the medium category; an APC which can carry
more than two squads is assigned to the large-accommodation category. At the
present time medium armored personnel carriers are the most common.

The U.S. M706 armored personnel carrier is an example of a medium capacity two-
axle wheeled APC (Figure 1.3.9).

This APC accommodates 12 men. The main armament is mounted in a turret. It con-
sists of a 12.7 mm heavy caliber machinegun and coaxially mounted 7.62 mm machine-
gun. The APC weighs approximately 7 tons. Hull armor thickness ranges from 6.35
to 9.5 mm. The engine develops a maximum of 185-220 forsepower. The transmission
is mechanical. The suspension is rigid axle type. The tires are bulletproof,

with variable carcass thickness. Maximum speed is 104 km/h, and vehicle range is
800-500 km. The vehicle's speed afloat is 6.4 km/h. It can climb a grade of up to
35 degrees with a maximum heel of 22 degrees. Turning radius is 6.9 m on land and
7.8 m afloat. On the whole the vehicle boasts excellent cross-country performance.

Figure 1.3.10 shows the Soviet BTR-60PB four-axle medium capacity amphibious
armored personnel carrier. This APC carries a heavy caliber machinegun and a co-
axially mounted 7.62 mm machinegun. The machineguns are mounted in a rotating
turret. APC armament also includes assault rifles carried by the driver and
troopers, and a hand-held antitank rocket launcher.
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Figure 1.3.10. BTR-60PB Wheeled Armored Personnel Carrier (USSR)

The APC weighs approximately 10 tons and accommodates 10 men seated. The vehicle
is powered by two engines with a combined 180 horsepower. The transmission is
mechanical, with an all-wheel drive capability under difficult road conditions

(8 x 8), while under good road conditions the wheels of the two rear axles are the
drive wheels (8 x 4). The right-hand engine powers, through the transmission, the
wheels on the first and third axles, while the left-hand engine powers the wheels
on the second and fourth axles. Controls are power-assisted. All wheels have
independent torsion-bar suspension. The vehicle features a tire pressure adjust-
ment system, which greatly improves the vehicle's mobility on soft ground. The
APC is equipped with a water jet for crossing water obstacles. There are two
water removal systems to increase safety of operation afloat.

A winch is mounted on the bow for self-recovery and for recovery of vehicles of the
same type. Tractive force on the winch cable is 4,500 kg. Maximum vehicle speed
is 80 km/h, and maximum swimming speed is 9-10 km/h. The vehicle is capable of
climbing a grade up to 30 degree on firm soil. The vehicle can cross a ditch ap-
proximately 2 meters wide.

Foreign wheeled infantry combat vehicles are represented by a number of models.
France, for example, developed the AMX-10RP wheeled infantry combat vehicle

(Figure 1.3.11), which is used in reconnaissance units. This infantry combat
vehicle is based on a three-axle chassis (6 x 6). The vehicle is armed with a 20 mm
automatic fun, on the turret on an external mount. The general layout pro-ines a
low silhouette. The vehicle is characterized by high mobility. Maximum speed is
80-86 km/h. Maximum speed afloat is 8 km/h.

In addition to the wheeled armored vehicles described above, there are vehicles
which have been designed, armed and equipped with additional gear for the per-
formance of special combat support missions.

WAVs with antitank weapons are one such special type of vehicle. One of the first
vehicles of this type was the British Ferret missile launch vehicle, armed with
Vigilant ATGMs. A later modification carries four Swingfire ATGMs. The missiles
are carried in pairs along the sides of the turret in armored launching tubes.
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A machinegun is mounted in the aluminum armor turret; the missile operator is also
stationed there.

Figure 1.3.11. AMX-10RP Wheeled Infantry Combat Vehicle (France)

French light armored vehicles of a similar type include the AML vehicle, which
carries four Entac ATGMs.

A light self-propelled antiaircraft weapon, carrying two 20 mm automatic guns, was
developed on the chassis of the French AML-245 light reconnaissance vehicle.

In a number of instances the chassis of wheeled armored vehicles are used as a
basis for control vehicles for surface-to-air missile systems.

In addition to a transport vehicle and weapon for modern modernized infantry units,

wheeled APCs can be employed, in the opinion of foreign experts, for logistical sup-
port and for evacuating wounded during combat.
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SECTION II. COMBAT PERFORMANCE CHARACTERISTICS OF TANKS

Chapter 1. LAYOUT OF TANKS

Any tracked armored combat vehicles of quite diversified combat role, with a vary-
ing level of development of performance characteristics and the most diversified
design, weighing from 10 to 60 tons, are frequently called tanks. In our subsequent
discussion the term 'tank" shall apply only to a main battle tank: a multirole com-
bat vehicle suited for combat under direct hostile artillery fire, combining ar-
mament, armor protection, and mobility. Tanks are the most effective and versatile
weapons, capable of aggressive actions in various types of combat and of success-
ful accomplishment of a broad range of fire missions. 1In addition, the sophisti-
cated design of the main battle tank determines in large measure the level of
development of the entire aggregate of other combat vehicles which play a partic-
ular combat role: infantry combat vehicles, self-propelled artillery, tank
destroyers, etc. For this reason all the world's developed countries devote great
attention to the development of tank combat performance characteristics: firepower,
armor protection, and mobility on the basis of improvement of their layout, design
and construction of tank parts, assemblies and mechanisms.

Tank layout is defined as the mutual positioning of the tank compartments and crew
stations in the vehicle's armor-enclosed space, positioning of weapons, powerplant,
and other tank equipment, mechanisms, and systems. The general layout characterizes
the number and mutual positioning of tank compartments, placement of crew, design
and construction of tank hull and turret. Particular layouts detail the arrangement
of each compartment, tracks and suspension. When designing (synthesizing) a new
tank on the basis of preselected, scientifically substantiated specifications and
performance requirements, its general layout is the most critical stage, which
determines weight, dimensions and, indirectly, cost, within the framework of which
the level of individual performance characteristics and the vehicle's combat ef-
fectiveness as a whole, as specified by performance requirements, can be engineered.
In addition, the overall synthesis of a tank, which includes, in addition to layout,
preliminary determination of optimal crew size, selection of armament, powerplant,
tank equipment and mechanisms, often opens up the way for improvement of the combat
performance characteristics specified in the tactical-technical requirements, with-
out great complication or increased cost of manufacture, and reveals additional
reserve potential for improving the military-economic effectiveness of the tank
being designed. The layout of existing and future tanks is evaluated from the
standpoint of meeting the following principal demands.
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1. Demands on Tank General Layout and Ways to Achieve Them

The principal task of layout is to ensure excellent preselected tank performance
characteristics with the smallest possible weight G, dimnesions Lg, Bg, Hp

(Figure 2.1.1), and cost. The principal way co achieve this is to reduce the
vehicle's armor-protected interior space and, consequently, to reduce the overall
area of armor protection. Reduction of tank interior space (without cramping

the crew and degrading tank performance characteristics) is fostered by selection of
the optimal general layout and compact, small-size armament, engine, equipment and
mechanisms; dense vehicle layout, with minimum volume of armor-enclosed air;
decreasing tank crew size by mechanization and automation of fire control and tank
operation; removal of certain secondary, difficult-to-destroy or easily-replaced
tank components to the outside of the armor-enclosed space. The protecting thick-
nesses of hull nose, side and rear armor on the majority of foreign tanks have
approximately the ratio 2.5:1:0.5 (Figure 2.1.2). A decrease in height has the
greatest effect on increasing hull armor protection (at a given weight); employment
of lightweight metal and polymeric materials in tank construction abroad also opens
up extensive possibilities for reducing the weight of a tank with specified per-
formance characteristics or improving its performance characteristics while keeping
weight constant.

Figure 2.1.1. Diagramatic Layout of T-34 Tank:

Lo, Hg —— tank dimensions; & . -- inside diameter of turret ring; Hk, H¢ , Hygy --
height of hull, turret, commander's cupola; Hy -- road clearance; hgy -- height of
interior floor above hull floor; hg -- height of fighting compartment; L -- length
of track bearing surface

Another important demand on tank layout is that of installing powerful armament
and ensuring its efficient utilization: high maneuverability and accuracy of fire,
requisite artillery system rate cf fire, and an adequate carried supply of ammuni-
tion. This requirement is met chiefly during the particular layout of the tank
fighting compartment. Of the general layout measures, we can note only the follow-
ing: placement of the fighting compartment in the tank midsection, which ensures
approximately equal angles of depression when firing forward and rearward, lessens
the adverse effect of principal tank pitching movements on the crew, and promotes
uniform distribution of ground pressure along the length of the tank track bottom

43

FOR OFFICIAL USE ONLY



FOR OFFICIAL USE ONLY

Ho6-6
a
Noa-a . r'llh
G '
i “Lg e L e
ﬂ 5y | -
== =" ot
| 1 i | ! a 0
= H ! | Nua-a
. e
B3 S/ A G SR 7
s i 7| R
. J.j Oy
Bo 7
a ¢

Figure 2.1.2. Schematic Sections of Shellproof Hull:

Bg -- tank width, including tracks; B, -- hull interior width; Br -- track width;
d” -- clearance between hull and track

run; large fighting compartment interior volume within the tank hull and turret,
running to 6-7 m3 and comprising 50-60 percent of the vehicle's total armor-en-
closed space; large turret ring interlor diameter a . (see Figure 2.1.1), which
limits the size of the artillery system mounted in the turret. This is achieved
by maximally increasing interior hull width B, (see Figure 2.1.2) and additionally

widening the upper part of the hull in order to accommodate a large under-turret
armor plate.

Figure 2.1.3. Tank Hull Nose Shapes: a —— KV; b —— IS; ¢ —- T-34; d -- T-55
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Reliable tank protection against the principal weapons of individual and mass
destruction is achieved primarily by appropriate design and construction of hull and
turret armor components, but also depends to a large degree on the adopted overall
layout solutions. A decrease in a tank's size, and especially its height Hy

(see Figure 2.1.1), as well as the frontal projection area (silhouette) makes it
more difficult to spot a vehicle on the battlefield, decreases the probability of

a direct hit on a tank, and makes it more resistant to being overturned by a nuclear
burst shock wave. A projectile-resistant shape of hull (Figure 2.1.3) and turret,
varying the protective thicknesses of armor plates in conformity with density of
projectile hits, and the absence of armor-weakening apertures, visors and hatches on
a tank's nose and side projections reduce the danger of penetration of armor
protection when the tank takes a hit. All-round armor protection, sealing of manned
compartments, and an aggregate of special means of protection make the tank crew
comparatively invulnerable to weapons of mass destruction. Special measures to in-
crease protection against shaped-charge projectiles (Chieftan tank), an aggregate

of fire-fighting measures, employment of various means of concealment and camouflage,
and use of externally-mounted earth-moving equipment enabling a tank to dig in, also
lessen a tank's vulnerability on the battlefield.

A tank's high degree of mobility is determined by its speed, good cross-country per-
formance, ease of handling, and considerable range. High speed is attained by
equipping a tank with a powerful engine and economical transmission with control
servos, and employment of a powerful suspension with efficient shock absorbers. In
order to improve a tank's cross-country performance, designers endeavor to lower
the vehicle's center of gravity and to increase the track bearing surface in order
to reduce the tank's ground pressure q (see figures 2.1.1 and 2.1.2):

=6 [k
i - 2,‘"‘ [Cﬂ‘

Satisfactory main battle tank performance on sand, snow and soft ground is achieved
only when q €0.83 kg/cm2.

Idler wheels are placed higher, H,> 0.8 m, for negotiating sidehill cuts and hurdles,
while vehicle road clearance is increased, Hy12 0.4 m, for negotiating posts and
tetrahedrons.

Tank turning is facilitated by reducing turning ratio Iﬁ'; in modern main battle
tanks it ranges from 1.45 to 1.65.

In order to increase tank range, designers prefer the most economical engines with
low specific fuel consumption, and carrying on board a large fuel supply in armored
tanks, in small external tanks permanently connected into the fuel system, and in
strapped-on spare drums.

Providing tank mobility under special conditions, the designer specifies installa-
tion of night vision devices, navigation gear, and equipment for underwater driving
of tanks. 1In order to be transported long distances, tanks should be rail-transport-
able, and therefore width By (see Figure 2.1.2) should not exceed 3,414 mm.

The operational mobility and great depth of tank unit combat operations are ensured
by selecting wear-resistant track and suspension assemblies which can travel con-
siderable mileage without replacing tracks, large mileage between overhauls, and
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employment of multi-fuel engines, which enable vehicles to operate on various
fuels (including captured).

An important demand on the design layout of today's and tomorrow's tanks is provi-
sion of good conditions of crew in-vehicle habitability and ergonomics, in order to
maintain crew working and fighting efficiency for an extended period of time. The
former 18 achieved by convenient crew entry and exit (including emergency), ade-
quate space and requisite aimensions of work station for each crew member, by com-
fortable body position during combat and travel, by providing capability for crew
members to rest in a lying position, at least taking turns, by lowering the noise
and vibration level in the tank, by isolating the crew from heat and gas releasing
components of armament powerplant and transmission, by forced ventilation with fume
extraction, air conditioning (purifying, heating or cooling), protection against
dust, cold, heat, snow and rain, and by carrying adequate supplies of drinking
water and food.

Favorable ergonomic conditions for crew functioning are provided by the following:
good exterior visibility for all crew members and all-round battlefield observation
for the commander both day and night; simplicity and ease of fire control and tank
operation; convenient placement of controls (levers, pedals, steering wheel,

handles, etc), observation instruments, gunsights, instruments and control panels,
and adequate panel lighting; reliable and clear external and internal communications;
capability of direct communication, mutual assistance and interchangeability for all
crew members. The latter also has a positive effect on the crew's psychological
state in combat.

2. Classification and Comparative Evaluation of Tank General Layouts

There are three basic tank layouts, on the basis of crew size and arrangement
(Figure 2.1.4): with separated crew, where the driver 1s positioned in the hull,
while the other crew members (two or three) are in the turret; with the crew, usual-
ly reduced numbers (to three), entirely positioned in the hull, and with reduced
crew (including driver), entirely positioned in the turret.

The first, most common arrangement (Figure 2.1.4a), with which the reader is ac-
quainted from the majority of modern tanks, is characterized by an efficient place-
ment of crew members from the standpoint of combat functions performed. The tank
commander, positioned in the upper part of the turret, has all-round battlefield ob-
servation capability. The gunner and loader (or a single gunner, in the French
AMX-13 tank, for example) are positioned directly by the gun they serve. The

driver has a clear view of the road from the forward part of the hull and operates
the engine and transmission with the aid of comparatively simple control linkages.

A drawback of this arrangement is the large size (H¢~) and weight of the turret,
which contains the unwieldy gun breech ring, three (or two) crew members, and a
considerable amount of equipment, as well as the considerable hull height Hy, re-
quired to provide the driver a normal sitting position. Tank height Hg (Figure 2.1.1)
is determined with the formula

/L/O:H.“i-Hk .;Hr

It will not be less than 2.3-2.4 m.
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Figure 2.1.4. Layout Diagrams of Foreign Tanks With Varying Crew Size and Placement:

‘...b.
::.:{.' a -- separated placement of reduced crew; b -- crew in hull; ¢ -- crew in turret;
= d -- semiturret tanks with separated crew; e -- semiturret tank with crew forward
in hull
k -- commander; H -- gunner; B -- driver; K -- hull; d”~ -- turret

An arrangement with the crew positioned in the hull is inevitable for turretless
tanks (Figure 1.1.5) and for semiturret tanks -- with reduced turrets which contain
only the breech end of the gun (Figure 2.1.4d, e).

The most interesting semiturret tank version* (Figure 2.1.4d) has the driver placed
in the nose of the hull, with the commander and gunner positioned under the turret
but entirely within the hull. Decrease in the frontal silhouette area of such a
tank makes it more difficult to spot on the battlefield and decreases probability of
a turret hit. Armor savings achieved by sharply reducing turret size creates a
reserve for increasing firepower, increasing hull armor protection, or improving
mobility. It becomes easier to provide special protection for the crew, which is
concentrated in the hull. Placement of each crew member proves efficient, just as
in the first layout arrangement.

Foreign experts list the following drawbacks of such a tank: necessity of automatic
gun loading, since there is no room for a loader to work in standing position; con-
siderable periscopic requirement for the tank commander's observation instrument,

T * The design received an award in competitions held regularly in the United States
% for suggestions to improve armored equipment.
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providing all-round battlefield operation; cramped interior armor enclosed space, which
for all practically purposes is limited to the hull interior space.

The third layout arrangement, with the entire crew positioned in the turret, is
used in the experimental West German-American MBT--70 tank. The driver's cab is
suspended from the turret roof on a miniature ball-bearing support. The cab gear
is meshed with the central pinion, fixed to the tank hull floor, in such a manner
that when the turret rotates, it causes the cab position to shift without turning
relative to the tank hull. Electrohydraulic linkage connects the controls in the
cab with the engine and transmission, which are located in the hull. Moving the
driver from the hull into the turret eliminates the limitation on hull height and,
with a low-silhouette powerplant, makes it possible to shorten the height of the
hull and of the entire tank as a whole. Shortening hull height produces the
greatest savings in armor plate, making it possible to improve the tank's principal
performance characteristics.

Placing the driver in a cab which rotates relative to the turret makes it possible
to turn the cab toward the hull rear, providing a good view of the road when backing
up the tank, Crew member biological protection, mutual assistance and inter-
changeability are facilitated, and their psychological state is improved.

Drawbacks of the third layout arrangement include the large, cumbersome turret and
complexity of control linkage design. Changing the driver's position relative to

the hull makes driving the tank more difficult, and in addition, at certain turret
turn angles the commander's observation instrument blocks the driver's instrument,
making it lmpossible for him to obsr:rve the road.

ﬂ ﬂ

a (1] e

Figure 2.1.5. Diagrams of General Tank Layouts With Differing Transmission Place-
ment

Key:

a. Transmission forward 2. Gear train
b. Transmission at the rear 3. Engine clutch
c. Rear placement (with transverse 4, Gearbox
engine) 5. Steering mechanism
d. Forward, to the side 6. Final drive
1. Engine 7. Driving sprocket
8

Transfer case
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Two basic general layouts are recognized, on the basis of location of transmission
compartment (Figure 2.1.5): with rear and torward transmission placement. An ar-
rangement with transmission forward was extensively employed on U.S. and German
tanks, because of several advantages. Placing the driving compartment together
with the transmission compartment reduced the total number of isolated compartments
in the tank hull, helped reduce hull length or, with length unchanged, increased
the fighting compartment space. It was easier to place the fighting compartment
with the heavy turret at the center of the hull, leaving room on the under-turret
hull plate for a driver's hatch. Control linkage design was simple, and transmis-
sion servicing was convenient.

The principal drawback was an increase in the overall vehicle height:

H°'=' Hu + hn + hoo = hvp'

which approached 3 meters. Height hg =400-500 mm from the hull floor to the floor
of the fighting compartment was dictated by the propeller shaft, which ran at the
height of the engine crankshaft and the gearbox primary shaft. Fighting compartment
height hg =1600-1700 mm with manual loading, is determined by the height of the
loader working in a standing position. Roof thickness hyp with armor components ex-
tending above it, varles within a broad range, depending on the presence of a com-
mander's cupola. The considerable height of transmission components made it dif-
ficult to obtain a shellproof nose shape with steeply sloping armor plates. There
was an increased danger of damage to final drives and driving sprockets placed forward.
The considerable length of track loaded by tractive effort reduced the efficiency

of the track drive and accelerated track wear.

Transmission cooling was difficult, and crew habitability conditions were worsened.
It was extremely difficult to install and remove transmission components due to the
welded-on nose and under-turret armor plates. These numerous drawbacks led to a
universal rejection of a tank layout with the transmission placed forward.

Rear transmission placement has long been a characteristic feature of the layout of
Soviet tanks, and this arrangement has also been preferred in foreign countries
since the war. Those features noted as drawbacks of the forward arrangement are
advantages for rear transmission placement.

The absence of a propeller shaft makes it possible to decrease fighting compartment
floor height hy to approximately one third, and substantially to reduce overall
tank height Hp. The hull nose, which does not contain large transmission components,
can be given a suitable shape, with the glacis plate sloping at 60 degrees or more.
Final drives and driving sprockets positioned at the rear are less susceptible to
combat damage. Only the rear inclined track run is loaded by engine tractive ef-
fort, which creates conditions for improving efficiency and reducing wear on the
track links. The transmission is cooled by blowing air across the components from
the engine cooling system. Tank habitability conditions are considerably improved,
since the crew is isolated from transmission and engine components by a sealed en-
gine bulkhead. Installation and removal are considerably facilitated by placing
removable armor plates on the roof of the engine-transmission compartment.

One drawback of an arrangement with rear transmission placement 1s that tank length
increases due to placement in the hull of four compartments which are not length-
integrated, or else a decrease in fighting compartment space with vehicle length
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constant. Due to the considerable length of the engine and transmission compart-
ments, the fighting compartment (with heavy turret) is displaced forward, excessive-
ly loading the forward road wheels, while no room remains on the under-turret armor
plate for central or even lateral placement of a driver's hatch.

On the T-34 tank, the world's best medium tank in World War II, it was necessary to
place the driver's hatch on the sloped glacis plate, in spite of the fact that this
weakened the resistance of this most critical component of the armored hull to a
shell hit.

In order to correct the first two deficlencies, Soviet tanks, beginning with the
T-44, employed an improved arrangement with transverse placement of a long, 12-
cylinder diesel and a unified engine-transmission compartment which was considerably
shorter (by 650 mm) than that of the T-34 tank. This made it possible, without
lengthening the hull, to increase the length of the fighting compartment of the T-54
tank to 35 percent of the hull length, to increase turret ring diameter by almost
250 mm, and to mount a powerful 100 mm tank gun for the first time on a medium tank
in place of the 85 mm gun of the T-34-85 tank.

At the same time it was posslble to shift the turret rearward, freeing room on the
under-turret plate for the driver's hatch. Elimination of a fifth crew member,
removal of ammunition stowage from the floor of the fighting compartment, transfer
of the fan from the engine crankshaft to a bracket on the tank rear, and reducing
engine height resulted in shortening the hull height of the T-54 tank by 150 mm

in comparison with the T-34, reduced armor-protected space by approximately 2 cubic
meters, and permitted armor protection to more than double, which increased weight
by only 12 percent.

One design innovation incorporated by the T-55 tank was the employment of tank-racks,
providing fullest utilization of armor-protected space for gun ammunition and

diesel fuel stowage. As a result of this measure, and by eliminating the antiair-
craft machinegun and weakening certain secondary armor components, it was pos-

sible to increase quantity of ammunition carried by nine rounds (from 34 to 43), and
to increase armor-protected fuel supply by approximately 150 liters (from 532 to

680 liters).
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Chapter 2. TANK FIREPOWER

1. Armament of Modern Tanks

The mass-scale employment of tanks and other armored vehicles in modern combat
dictates heavily arming troops with close and long-range antitank weapons. There-
fore tank weapons should be capable of quickly destroying and neutralizing the most
diversified targets on the battlefield -- from an individual rocket launcher-firing
trooper in a foxhole to a tank and missile weapon launch positions. This also pre-
determines tank armament.

Tank armament includes weapons, ammunition supply, gunsights, laying mechanisms,
weapon stabilizers, and other devices.

@; Today tanks are armed with a number of weapons, for performing various fire missions.
They include, according to a foreign classification, main and auxiliary armament,
while some tanks also carry additional weapons. Figure 2.2.1 contains a classifica-
tion of tank weapons.
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Figure 2.2.1. Classification of Foreign Tank Weapons
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Key to Figure 2.2,1 on preceding page:

1. Tank weapons 8. Main

2., Auxiliary 9. ATGM

3. Additional 10. Flamethrowers

4. Coaxially mounted machineguns 11. Smoke dischargers
5. Antlaircraft machineguns 12, Ranging machineguns
6. Assault rifles, grenades 13, Gun

7. Signal pistol 14, Missile

15. Combined

Main weapons are for the purpose of destroying and neutralizing targets possessing
considerable firepower and strong protection. These include armored targets (tanks
and self-propelled artillery), various field fortifications, enemy artillery and
missile launch positions, as well as infantry and infantry weapons. The tank gun
is the principal tank main weapon.

The principal type of tank fire is direct fire at all ranges at targets as soon as
they are detected. As a rule tank crews independently search for and fire at tar-
gets. Tank units deliver concentrated fire at a single target to destroy the most
important and largest targets, as well as to accelerate killing of targets at a
range of more than 2.5 km.

Auxiliary weapons are used to destroy and neutralize close-range antitank weapons
(rocket launchers, recoilless guns, etc), to destroy lightly-armored and slow-fly-
ing air targets as well as enemy infantry.

Auxiliary weapons include tank machineguns -- coaxial-mounted, hull-mounted, and
antiaircraft. Some foreign tanks carry ranging machineguns.

Additional weapons are employed to perform those fire missions which cannot be suc-
cessfully accomplished by the principal weapons when delivering fire at long range.
This category of weapon includes antitank guided missiles (ATGM), which are carried
by some foreign tanks.

The tank gun is mounted as a rule in a rotating turret. The machinegun is mounted
on the gun cradle. This combination of gun and machinegun is called a coaxial
mounting. The turret is rotated with the aid of electric or electrohydraulic drives
operated from a control panel, as well as manually.

The gun (machinegun) is aimed at the target with the aid of a gunsight or range-
finder-gunsight. Night vision sights are provided for firing at night. 1In addition
there are devices for firing under conditions of restricted visibility or when the
target cannot be seen.

In order to increase target hit probability when firing while the tank is moving,
coaxial mounts are equipped with weapon stabilizers. In order to increase tank gun
rate of fire, some tanks (the XM1, for example) feature automatic loading and
mechanisms which eject spent cases from the tank,

Thus the armament of a modern tank is a complex system. The firepower of tanks and
self-propelled guns is determined by the sophistication of this system and the
proficiency of crews.
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2. Principal Factors Determining Tank Firepower

A tank's firepower is determined by 1ts capability to destroy or neutralize various
targets in the shortest period of time with the least expenditure of ammunitionm.

Let us examine what principal factors determine a tank's firepower during delivery
of fire while moving, when its combat performance characteristics are most fully

utilized.

A tank's firepower 1is determined by the following principal factors: force of ef-
fect of a projectile on a target, target hit probability, maneuverability of fire,
time of initiation of fire and practical (combat) rate of fire, as well as degree of
weapon vulnerability and tank crew habitability.

The interrelationship among the principal factors which determine a tank's firepower
when delivering fire while moving can be seen from the diagram in Figure 2.2.2.
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Figure 2.2.2. Diagram of Interrelationship of Principal Factors Which Determine
a TanKs Firepower When Delivering Fire While Moving

Key:
1. Tank firepower 4. Maneuverability of fire
2. Force of effect of projectile on 5. Time of commencement of fire,
target practical rate of fire
3. Target hit probability 6. Weapon vulnerability, crew

habitability
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Key to Figure 2.2.2 on preceding page, cont'd)

7. Kinetic energy of projectile 16. Stabilization system
8. Gun caliber 17. Angles and rates of tank
9. Accuracy hull oscillations
10. Grouping 18. Quality of tank suspension
11. Rates of laying 19. Quality of weapons and ammuni-
12, Laying angles tion
13. Vision devices, target designa- 20. Accuracy of fire preparaion
tion system 21. Gunsight
14. Loading system 22. Gunner
15. Location of ammunition 23. Driver
24, Loader

25. Tank commander

A continuous increase in tank firepower has been particularly characteristic of

the postwar years. This is due to the fact that tank armament is intended to destroy
the most diversified targets on the battlefield, and in particular tanks and anti-
tank weapons. Since the protection of tanks and antitank weapons and their combat
capabilities are continuously improving, tank firepower should also increase.

In order to determine the possible paths of future increase in tank firepower, one
must analyze the components of each of the principal factors (applicable to the
main armament).

3. Increasing the Force of Projectile Effect on the Target

The force of effect by a projectile on a target is determined by the character of
the effect it produces upon encountering an obstacle. In order to destroy armored
and concrete-protected targets, a projectile should possess considerable impact
effect. Projectiles require high explosive or fragmentation effect to destroy
various fileld fortifications and to kill personnel.

At the present time some foreign tanks are employing subcaliber projectiles,
shaped-charge shells and shells with plastic explosives against armored targets.

Subcaliber projectiles. Subcaliber is a term applied to projectiles in which the
diameter of the armor-plercing portion is less than the caliber of the weapon from
which it is fired. The force of effect of a subcaliber projectile is determined by
the thickness of the penetrated armor and the effectiveness of the damage done
beyond the armor. For a given projectile weight and caliber, armor defeating per-
formance depends on the velocity of the projectile, its angle of impact with the
armor, and the quality of the armor. At high angles of impact armor penetration
capability is substantially reduced as a consequence of projectile ricochet.

The force of effect of subcaliber projectiles can be increased by increasing their
muzzle velocity. This flattens the trajectory, which increases range of direct fire.
The greater a projectile's muzzle velocity, the greater its armor-piercing effect,
all other conditions being equal. A projectile's muzzle velocity can be increased
by increasing propellant gas pressure in the bore and by lengthening the barrel.

The latter, however, leads to an increase in barrel size and weight, which creates
difficulties in matching it to the tank, and requires an increase in power of gun
laying drives.
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Long-barreled guns extend considerably beyond the tank hull, which presents a pos-
sibility that the barrel will strike the ground when the tank is negotiating ob-
stacles, and it restricts tank maneuver in forest and built-up areas. When
projectile muzzle velocity is increased, gun barrel life is sharply reduced, to
several hundred rounds.

Figure 2.2.3. Projectiles Employed for Tank Guns

a -~ subcaliber projectile with discarding sabot; b —— subcaliber projectile with
jacket; ¢ -- fin-stabilized subcaliber projectile; 1 -- jacket; 2 -- sabot; 3 --
driving band; 4 -- jacket segment; 5 ~- base; 6 -- core

The core of a modern subcaliber projectile is carried in a sabot (Figure 2.2.3).
After the projectile leaves the bore, the sabot separates from it, under the

effect of air resistance. Possessing a good weight to caliber ratio, the projectile
retains its velocity well in flight. A different version of such a projectile is
the jacketed projectile (Figure 2.2.3b), which consists of three parts, which
separate from the core after leaving the bore. The muzzle velocity of the discard-
ing sabot projectile fired by the British 105 mm tank gun is 1,475 mps.

These subcaliber projectiles, however, ricochet at angles of impact with armor
less than 35°, while the discarding sabot can do harm to friendly troops situated
ahead of the tank.

It is believed that the kinetic energy of subcaliber projectiles and effective
range of fire can also be increased by increasing gun caliber. The British
Chieftain tank, for example, carries a 120 mm tank gun, which fires primarily sub-
caliber projectiles.

Foreign countries are devoting greater attention to smoothbore tank guns firing

f i n-stabilized subcaliber projectiles (Figure 2.2.3c). 105 mm and 120 mm smoothbore
guns, for example, are being tested on the Leopard 2K tank. Similar guns are being
developed in Great Britain (110 mm) and France (120 mm). In the opinion of foreign
experts, such guns impart greater muzzle velocity to projectiles than rifled guns

of the same caliber, boast greater armor piercing capability, range of direct fire,
and effectiveness in firing at long ranges. This is due to the fact that the

muzzle velocity of a subcaliber fin stabilized projectile can reach 1600 mps and
more.

Shaped-charge shells. The principal advantage of shaped-charge shells (Figure 2.2.4a)
over conventional armor piercing and subcaliber projectiles is their excellent armor
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penetration with the same caliber, which is independent of range of fire. A nose
fuze actuates upon impact with armor. Its action is transferred to an igniter,
which detonates the bursting charge through a detonator. The metal liner is
squeezed under a pressure of several hundred thousand atmospheres. A jet of molten
metal is ejected from the cone (Figure 2.2.4b) at a velocity of approximately
10,000 mps. The diameter of the jet in medium caliber shells is 3-4 mm. The jet
is capable of penetrating armor of a thickness in excess of three times the caliber
of the projectile.
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Figure 2.2.4. Shaped-Charge Shell and Diagram of Formation of Jet

Key:

a. Shaped-charge shell 4. Shell body

b. Diagram of formation of jet 5. Central channel

1. Direct action fuze 6. Bursting charge

2. Screw-on nose cap 7. Igniter

3. Metal liner (cone) 8. Detonator

9. Jet of molten metal and gas
10. Slug

Foreign experts are of the opinion that the armor piercing capability of shaped-
charge projectiles is reduced severalfold if the projectiles are rotating at the
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moment the bursting charge explodes. This is due to the fact that projectile rota-
tion worsens the conditions of forming of the jet.

They believe that the force of shaped-charge projectiles can be increased by slowing
their rate of rotation. Projectiles fired from rifled tank guns spin in flight at
approximately 17,000-18,000 rpm, which greatly exceeds the maximum allowable spin
rate for shaped-charge projectiles. In order to reduce the spin rate, one can em-
ploy a shaped-charge projectile the steel body of which is imparted spin when fired,
while the shaped charge, on ball bearings inside the projectile body, remains motion-
less by inertia. Such a projectile is employed for the 105 mm tank gun of the
French AMX-30 medium tank. The manufacture of such a shell requires a high degree
of machining precision, which greatly increases its cost.

Projectiles with plastic explosives. Some forelgn tanks employ projectiles with
plastic explosives against armored and other targets. The mild-steel projectile
body is filled with a plastic explosive (a mixture of hexogen and mineral oil). The
projectile body readily deforms upon impact with armor. A base fuze detonates the
explosive, a compression wave followed by a tension wave passes through the armor,
and armor layers on the rear of the plate are imparted enormous accelerations in
opposite directions. As a result of this, pieces of armor split off the interior

of the plate at high velocity, doing damage to the tank interior.

These projectiles can also be employed against field fortications and unarmored
targets.

In the opinion of foreign experts, projectiles with a plastic explosive also have
an important drawback: they must be detonated at a precisely established time.
Bursting charge detonation time depends on the projectile's terminal velocity and
angle of impact with armor, values which vary in relation to range. Therefore the
velocity of such projectiles is comparatively low. In addition, skirting plates
and other devices can be employed against plastic—explosive projectiles, sharply
reducing their casualty effect.

At the present time plastic-explosive projectiles have been adopted for the guns of
the U.S. M60 tank, the British Chieftain tank, and the Swedish STRV103B tank.

High-explosive fragmentation shells. High explosive fragmentation shells are used
to engage antitank weapons, to kill enemy personnel in an exposed position, to
demolish defensive installations, etc.

When an instantaneous fuze is employed, high-explosive fragmentation shells per-
form as fragmentation shells, and as high explosive shells when employing a graze or
delayed action fuze.

Fragmentation effect depends on the quantity of lethal fragments, their pattern of
spread, the projectile's angle of descent, depth of crater, character of the soil,
and other conditions. Only those fragments the kinetic energy of which is not less
than 10 kg/m are lethal. The most efficient fragment weight is qg=5 grams;
lighter fragments rapidly lose velocity, while with greater weight the number of
fragments is reduced.
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The velocity and number of fragments depend on the caliber of the shell., Approx-
imately 500 fragments are formed by the bursting of a 100 mm shell, with an
average fragment velocity of 600 mps,

A zone reduced to a rectangle, within which the probability of target kill is

assumed to be 1,1is adopted as measure of fragmentation effect. For example,

the fragmentation effect zone of a 100 mm shell against standing infantry is 31 m in
frontage and 13 m in depth, while against prone infantry it is 22 and 9 m respective-
ly.

The dimensions of the crater which forms when a shell bursts in soil of medium den-
sity is adopted as the measure of high explosive effect. For example, the dimen-
sions of a crater produvced by the burst of a 100 mm shell are the following: depth —-
0.5 m, and diameter -~ 2.4 m.

A further increase in the fragmentation and high explosive effect of shells can
basically be obtained by increasing gun caliber.

In recent years the attention of foreign experts has been drawn by projectiles with
liquid explosive mixtures. When such a projectile strikes an obstacle, an aerosol
cloud of explosive mixture is formed, which can be detonated by various methods.

In contrast to conventional shells, the charge distributes over a substantial area,
which greatly increases the casualty effect radius.

4., Increasing Target Hit Probability

To destroy a target, it must first be detected. This requires effective observation
and aiming devices (sights). Large angular fields of view from a tank are ensured
by mounting at crew stations prismatic viewing devices. The number of such devices
ranges from 12 to 18 on foreign tanks.

Demands on tank gunsights are difficult to meet. Requirements include high
magnification for target detection and identification, and at the same time a large
field of view in order to have good observation of the battlefield on a wide
frontage. Degree of magnification and size of field of view in a gunsight, however,
are linked by inversely proportional relations.

The best combination of requirements in degree of magnification and size of field
of view is obtained in so-called pancratic devices, which provide smooth change in
magnification and field. This makes it possible rapidly to shift from wide ob-
servation along the front to detailed observation of a target. The West German
Leopard tank carries a pancratic instrument with variable magnification from 6

to 20 power.

No matter how much the force of projectile effect on a target is increased, a tank's
firepower will be poor if a high hit probability is not achieved. The greater the
hit probability, the greater is a tank's firepower. Hit probability depends on ac-
curacy and grouping. Accuracy is evaluated by deviations of trajectory to mean
point of impact from the center of the target, while grouping is determined by
deviations of individual projectiles from the trajectory to mean point of impact.

Increasing accuracy of fire. Accuracy of fire depends on the magnitude of errors in
determining and specifying initial weapon settings for fire. These errors depend
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for the most part on accuracy of determining range to target, taking into account
deviations in fire conditions from standard, as well as the rate of mutual travel
of tank and target. In addition, they depend on crew proficiency and firing condi-
tions (day or night, weather, terrain).

Range to target can be determined by eye, by sight or vision device scale, by
sight range scale, and with the aid of a rangefinder.

Mean error of determining range by eye is equal to 15 percent of the determined
range under good conditions of observation. Determination of range by sight scale
is possible only if the dimensions of the target are known in advance. Range is
figured with the thousandths formula; mean error in determining range does not ex-
ceed 8-10 percent of the determined range.

It is comparatively simple tn determine range with the special sight range scale.
The range scale is figured, however, only for one specific target height (usually
the height of a tank).

At the present time some foreign tanks employ optical rangefinders, combined range-
finders and sights, and laser rangefinders. Figure 2.2.5 contains a schematic
diagram of a monocular rangefinder.
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Figure 2.2.5. Schematic Diagram of a Monocular Rangefinder

Key:
1. Target 5. Upper split-image mirror
2. Range to target 6. Lower split-image mirror
3. Parallax angle 7. Target image split
4. Rangefinder base 8. Target image coincides
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In monocular rangefinders an optical compensator, consisting of two lenses -- a
positive and negative, with identical radius of curvature -- is employed as a
measuring device. If the optical axes of both lenres coincide, beams passing

through them do not change direction. When one of the lenses displaces relative to
the other, beams deflect in the direction of lens movement. The optical compensator,
placed in front of the objective lens, makes it possible to superimpose the two
image halves.

Thus ranging with a monocular rangefinder breaks down virtually to coinciding the
upper and lower parts of the target image by displacing the compensator lens, and
reading range off the scale.

Simplicity of measuring range is an advantage of monocular rangefinders. To use
them, however, it is essential that the observed objects have contrast outlines,
while it 18 very difficult to measure range to target when tanks are moving.

When a tank contains a separate rangefinder and sight, considerable time is expended
on determining range to target and then on setting the sight. Therefoir some
foreign tanks have a combined rangefinder and sight, in which the sight is
automatically set to the measured range.

In the U.S. M-12 combined rangefinder and sight, for example, the range and eleva-
tion angle measuring mechanisms automatically set the sight at the measured range,
while special cam mechanisms set the sight in conformity with the round selected
for firing.

Optical rangefinder range measurement error is directly proportional to the square
of the distance, and therefore foreign experts are of the opinion that laser range-
finders make it possible sharply to reduce the time to determine range to target
with a high degree of accuracy.

Reducing errors in determining and taking into account deviations in actual from
standard firing conditions. Standard firing conditions are conditions which
correspond to specific topographic, ballistic, and meteorological characteristics.

As a rule, however, the tank delivers fire under conditions differing from
standard. Therefore it is necessary to determine and introduce into the sight cor-
rections which take account of the conditions in which firing is being conducted,
namely:

ballistic firing conditions (temperature of the charge, bore wear, tank heel
at the moment of firing, angle of sight, etc);

meteorological firing conditions (wind direction and velocity, air tempera-
ture, atmospheric pressure);

change in distance between target and tank from the moment range is
measured to the moment the projectile impacts the target;

change in direction to target during projectile flight time.

These corrections are selected by the gunner (tank commander) in conformity with
general tank gunnery procedures. Some tanks carry ballistic computers, which make
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these corrections automatically. The U.S. M60 tank and its modifications, for
example, carry an electromechanical ballistic computer which figures in angular dis-
placement of target and several meteorological factors.

We should note that the first ballistic computers were mechanical devices into
which the gunner fed, as into an adding machine, corrections for temperature, drop
in projectile muzzle velocity, crosswind velocity, speed of target movement, etc,
all of which were estimated by the gunner. The the gunner, rotating the handle of
this machine, would obtain lead values. Combat operations with employment of U.S.
tanks carrying such ballistic computers during the first India- Pakistan conflict
showed that in many instances accuracy of fire became worse rather than better.

This was due to the fact that in a tense combat situation a tank crew had no time to
determine and feed data into the computer, and sometimes incorrect data would be
entered.

Therefore at the beginning of the 1970's automated electromechanical or electronic
ballistic computers began to be carried by modernized foreign tanks. Data from
appropriate sensors indicating charge temperature, crosswind velocity, drop in
projectile muzzle velocity, cant of trunnions, and angular velocity of target move-
ment would be fed automatically into these computers. Special gun drives would
automatically adjust the gun to the computed lead. During the operation of bal-
listic computers, some sensors mounted on the tank do not always give acceptable-
accuracy data on various firing conditions:

the crosswind velocity sensor, mounted on the tank's turret, records wind
direction and velocity approximately at the point of projectile emergence, while
it is affected along its entire trajectory by wind which does not always correspond
in direction and velocity to that at the projectile's point of origin;

the air temperature sensor is subjected to thermal radiation from a tanks en-
gine, and therefore it does not always provide objective data;

the charge temperature sensor faills to take account of differences in ammuni-
tion rack temperature conditions during the time which has passed since the ammuni-
tion was loaded.

All this can lead to a situation where ballistic computers themselves can be a
source of errors in setting initial firing data. Therefore development of ac-
ceptable ballistic computers is a serious problems at the present time.

Improving grouping. Close grouping is obtained by high quality and uniformity of
manufacture of guns and ammunition, as well as their careful preparation for firing.

Grouping is affected by deviations in projectile weight, dimensions, shape and
position of center of mass. The shape of projectiles determines in large measure
the magnitude of air resistance. It is obvious that the larger the manufacturing
tolerances, the poorer grouping will be.

Grouping is significantly affected by uniformity of charge temperature, accuracy of

welight and uniformity of quality of the propellant charge, as well as barrel
rigidity and precision of manufacture.
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We should note that improvement of ballistic characteristics of foreign tank guns
was achieved primarily by increasing propellant gas pressure and lengthening the
barrel. Thermal protection jackets which encase the barrel are employed to im-
prove stability of gun performance. One example is the jacket on the 120 mm gun
on the Chieftain tank. Grouping and accuracy of fire during movement are sig-
nificantly improved when tanks are equipped with gun stabilizers. The greatest ef-
fect 1s achieved by stabilizing a gun in two planes: the gun's tipping parts in the
vertical plane, and the turret with gua in the horizontal plane.

We should note that in order to increase accuracy and grouping when firing in move-
ment, alongside efforts to improve the quality of the stabilizer, serious attention
is being focused on further improvement of tank suspension. One should bear in mind
thereby that equipping tanks with stabilizers does not reduce demands on driver
proficiency. Therefore during tank gunnery training it is essential to devote con-
siderable attention to training not only of the gunner but the driver as well.

5. Increasing Maneuverability of Fire

The swift pace of combat operations, the element of surprise and brevity of exposure
of targets demand of tank armament a high fire maneuverability.

In order to increase fire maneuverability, tanks carry mechanical drives to ensure
maximum speed of laying and rapid switching of fire from one target to another.

Of great importance for ensuring accurate gun laying on the target is achievement
of minimum < table laying speed. Usually the minimum laying speed ranges from

0.05 to 0.1 degree per second.

Maximum rate of laying for elevation is selected in relation to the system of laying
the gun when the tank is in movement, It should not be less than the average value
of rates of tank hull pitching. Consequently this rate depends primarily on the
quality of a tank's suspension. The required maximum rate of laying for deflection
can be determined from the conditions of firing while in movement at a moving
hostile tank situated at a range of 100 meters if firing is being conducted at head-
on parallel courses and relative speed of target movement, equal to the sum of the
speeds of tank and target, is 50 km/h. Under these conditions maximum rate of
laying for deflection is equal to 8 degrees per second.

It is essential that rate of laying change smoothly from minimum to maximum. In
order to reduce time required to switch fire from one target to another while the
turret is rotating to large angles it is essential that the rate of this switch be
considerably greater than the maximum rate of laying for deflection. On modern
foreign tanks the fire-switching rate of turret rotation shows an increasing trend
to 30 degrees per second and more.

Fire maneuverability depends on laying angles. Mounting the gun in a turret
provides all-round traverse.

In the vertical plane a high angle of fire enables the tank effectively to utilize
its gun for combat in mountain terrain and in large bullt-up areas. Maximum
elevation for a tank gun is 18-20 degrees, and up to 30 degrees for amphibious
tanks., A gun's angle of depression determines the size of the dead zone around

a tank., Stabilizer effectiveness depends to a considerable degree on the angle of
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depression. A small angle of depression does not permit the stabilizer to
stabilize the gun with large tank hull pitching angles, since the gun comparatively
frequently advances to the lower stop. Therefore efforts are made to increase the
angle of depression on modern tanks to 8-10 degrees.

In order to beat the adversary in opening fire, it 1s necessary first of all to
detect him first. Time required to detect a target depends on the quality of the
observation devices, number of observers, tank's status during observation (moving
or standing), existence of stabilizing devices, and nature of target activity
(moving, firing, ete). Stabilized observation devices, for example, are carried
on the STRV103B.

Time to open fire, that is, time from the moment a target is detected until the
first round is fired, depends to a substantial degree on the commander's target
designation system. With the aid of this system, the tank commander should be able
from his position to lay the gun approximately on the target. It is more expedient
to have a system whereby the range of variation of rates of laying by the tank com-
mander and laying accuracy are the same as when performed by the gunner.

The principal foreign tanks, the M60A2 and the Leopard 1, have commander redundant
fire control systems. Such a system, in addition to shortening time for target
designation of the tank commander to the gunner, increases tank reliability and
combat survivability, since if the gunner or his sight is disabled, the commander
can take over for the gunner.

6. Increasing Normal Rate of Applied Fire

Normal rate of applied fire is defined as the greatest number of rounds which can
be fired from a gun taking account of aim correction time after each round is fired
and change in sight settings. The greater the actual rate of fire, the greater the
number of targets which can be killed in a given period of time. Increasing actual
rate of fire and fire maneuverability provides the capability to beat the adversary
in opening fire and inflicting damage. With manual gun loading, 70 to 75 percent
of the time expended on firing a round is spent on loading. Loading time partic-
ularly increases when firing while the tank is moving. Consequently, in order to
increase actual rate of fire, it is necessary to shorten loading time. Foreign
military experts believe that this problem can be radically resolved only by
automating the loading process. The aggregate of mechanisms which provide
capability to load a gun without the participation of a crew member is called an
automatic loader. Automatic loaders are quite diversified in design, depending on
the weight and size of the artillery round as well as the size of the tank fighting
compartment. Foreign experts believe, however, that an automatic loader should
provide the following, regardless of design:

round selectivity;
sufficiently large automated ammunition stowage capacity;
good automatic mechanism operating reliability at all gun and tank attitudes;

complete crew safety during automatic loader operation, etc.
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Meeting the above-enumerated demands within the confines of the fighting compart-
ment involves overcoming substantial design defficulties caused by the large size
and weight of ammunition as well as the extremely limited size of a tank fighting
compartment. They state that this i1s why the problem of automating loading on the
main battle tanks of the NATO nations has not yet been solved in a practical
manner.

Automatic loaders are employed on the French AMX-13 light tank and the Swedish
STRVI03B tank; the rate of fire of this tank's 105 mm gun is approximately
15 rounds per minute.

It is noted that the endeavor to boost the normal rate of applied fire by installing
automatic loaders in tanks encountered the problem of removing spent cases from the
fighting compartment. This is due to the fact that it is difficult to keep cases
on board due to a tank's limited interior space. In addition, with a high rate of
fire there 1s a sharp increase in pollution of the fighting compartment with
propellant gases from the spent cases.

One way to solve this problem, in the opinion of foreign experts, is to install
a special device which ejects cases through a special hatch which opens during
firing. The Swedish STRV103B tank incorporates such an arrangement.

Another solution is to employ combustible cases. The advantage of such cases lies
in achieving savings in short-supply material (brass) and simplicity of manufacture,
as well as improvement in crew working conditions due to less fumes and no spent
cases cluttering the fighting compartment.

Combustible shell cases require employment of a breech mechanism of special design.
In order not to redesign the breech mechanisms of existing guns, the United States
has developed, in particular for the 105 mm gun carried by the M60 tank, combustible
cases with a small metal base, which produces thz requisite obturation,

7. Reducing Weapon Vulnerability and Improving Crew Habitability Conditions

A tank's firepower is sharply diminished with poor weapon protection. Diminished
weapon vulnerability is achieved by means of reasonable armoring of the gun as

a whole as well as taking into account (during the process of design) the dynamic
loads acting on weapon component parts. Particular attention should be focused on
increasing antinuclear protection.

One should emphasize the exceptional significance of the dependence of tank fire-
power on the tank's crew habitability. Habitability is defined as the conditionms
in which the crew performs its duties on the march and in combat, as well as rest
and performance of other vital functions while in their tank.

The nature of modern warfare demands of a tank crew great physical and emotional
exertion. If a crew rapidly becomes physically tired, they lose acuity of percep-
tion of the continuously changing situation, with diminished quickness and accuracy
of the system's response to external factors, increased mistakes made, in the final
analysis resulting in diminished tank firepower.
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The tendency of a tank crew to become fatigued can be reduced by providing a stable
and natural position for the head and trunk during observation through sights and
vision devices, by employing special headrests, by providing seats with height and
angle adjustment, and by providing supports for the arms when the crew member is
working.

Sights should be designed to ensure that the eyepiece remains in a fixed position
relative to the gunner's head when the gun position changes. All sights and observa-
tion instruments should have provision for adjusting eyepiece focus. Tank gun lay-
ing should be performed by mechanical drives operated from a single control panel.

It i8 extremely important promptly to remove from the fighting compartment the
carbon monoxide which is formed in substantial quantities by the combustion of
propellant during gun and machinegun fire. The propellant gases which enter the
fighting compartment together with an ejected shell case contain carbon monoxide
which, depending on its concentration and duration of effect, can cause fatigue,
mental depression and slowing of crew reflexes.

In order to prevent propellant gases from entering the fighting compartment from the
bore, modern tanks carry a fume extractor or bore evacuator on the barrel. When a
round 1s fired, propellant gases fill a special receiver cylinder, and subsequently
are sucked from it at high velocity through angled jet apertures in the barrel.
These streams of gases form a conical vacuum behind them, drawing powder fumes from
the bore, which are subsequently ejected.

As a result of this bore evacuation after each round, fume pollution of the fighting
compartment decreases severalfold in comparison with the situation when firing guns
without fume extraction.

8. Arming Tanks With Missile and Combination Weapons

According to the views of foreign experts, potential for further increasing the
power of gun artillery is becoming increasingly exhausted. In addition, substan-
tial difficulties arise as regards mounting a gun on tanks. A gun's large weight,
size, and heavy recoil dictate the necessity of employing a heavy turret. As a
result the tank's weight increases, which decreases its mobility. The comparatively
small size of the fighting compartment creates considerable difficulties in automat-
ing the loading process. Therefore in recent years foreign experts, in the search
for ways to achieve further increase in tank firepower, have been reaching the con-
clusion that tanks must be armed with missile weapons —-- antitank guided missiles.
In the opinion of foreign military experts, ATGMs are superior to tank gun shells in
target hit probability at long range. In addition, target movement has practically
no influence on target kill effectiveness.

In connection with this, the idea has been expressed abroad that there is a need to
develop special tank guided missiles and to employ on tanks a new weapon system con-—
sisting of guided missiles to engage tanks, machineguns to kill personnel, and a
recoilless gun to neutralize hostile weapons and other targets.

The first attempts to arm tanks with manually-guided ATGMs involved the French
AMX-13 and U.S. M48A2 tanks. Launchers were exterior-mounted on the tank turret and
therefore were vulnerable to nuclear weapons, shell fragments and small-arms fire.
The ATGM guidance system required engagement only while standing. As a consequence
of this, ATGM launchers of this type were rejected for tank use.
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Subsequently the endeavor to utilize the positive features of rocket-propelled and
gun weapons led to the development of tanks with combination missile-gun armament.
The U.S. Sheridan light reconnaissance tank and the M60A2 reinforcement tank carry
such armament. On these tanks a launcher adapted to fire the Shillelagh ATGM is
also employed to fire conventional shells (shaped-charge and high-explosive fragmen-
tation).

According to reports published abrovad, however, this gun is low-powered. Tn spite
of its large caliber -- 152 mm, high-explosive fragmentation shells fired by this
gun are substantially inferior in range and effect on the target to the counterpart
shells fired by 105 mm and 122 mm tank guns. Development of 105 mm and 122 mm

ATGMs to be fired from the barrel of existing tank guns is considered infeasible
because of the inadequate damage effect on a tank by the shaped-charge warhead of an
ATGM of such small caliber. The French experts who developed the Acra missile-gun
weapon reached a similar conclusion.

Arming a tank with ATGMs increases its fire capabilities to hit at considerable
range exposed, vertical-silhouette, both mobile and moving antitank weapons, includ-
ing helicopters. At the same time foreign experts note drawbacks which hinder the
extensive employment of ATGMs on tanks:

slow rate of fire, since the speed of an ATGM in flight is considerably less
than that of conventional projectiles, as well as a comparatively small number of
missiles carried on board, due to the fact that a missile is larger in size than an
artillery shell;

ATGMs have a single role -- antitank; this is due to the fact that a con-
siderable portion of the total weight (80-90 percent) is taken up not by the warhead
but by the systems which fly the ATGM to the target and control it in flight. For
this reason the missile carries only a shaped-charge warhead;

fire at inconspicuous targets (dug-in tank, ATGM, etc) is not always ef-
fective, due to the possibility that the missile will strike the ground or emplace-
ment parapet as a consequence of the fact that in flight an ATGM executes oscillato-
ry movements with a certain vertical amplitude;

the possibility of missile control disruption and loss during flight. This
can occur because a guided missile requires that a line of sight be maintained
between launcher and target. Shellbursts, smoke and dust on the battlefield can dis-
rupt this line of sight.

In addition, high cost (a Shillelagh ATGM, for example, costs 25 to 30 times as
much as a 105 mm shell) and complexity of operation have had the result that ATGMs
are at the present time not in widespread use on main battle tanks. In the opinion
of foreign experts, this does not mean total rejection of utilization of guided
missiles on tanks; the above drawbacks of ATGMs may be eliminated to a substantial
degree in the process of further research. At the present time the majority of
foreign experts are of the opimion that a conventional gun with excellent ballistic
characteristics will remain the principal tank weapon during the coming decade.
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Chapter 3. TANK PROTECTION

Under conditions of modern warfare tank protection is secured by general layout,
vehicle firepower and mobility: the smaller a tank's size, the more powerful its
armament and greater its mobility, the less vulnerable it is on the battlefield.
The foundation of a tank's lack of vulnerability, however, is its reliable armor
protection, and therefore the main battle tanks in all countries of the world have
hulls and turrets of shellproof armor.

Equipping modern armies with nuclear missile weapons, improvement of armor-piercing
blast effect shells, and the widespread employment of effective shaped-charge
armor plercing projectiles as well as high-explosive armor piercing shells make
reliable tank protection on the battlefield difficult and make it necessary to in-

P crease demznds on tank armor protection. The problem of protection is additionally

gg?} complicated by the fact that the damage effect of the above-enumerated antitank

X weapons 1is based on differing physical principles, and in order to counter them

armor protection requires exceptionally superior and diversified properties, which
are reasonably achievable only by multiple-layer armor barriers.

1. Demands on Tank Armor Protection and Principal Ways to Achieve Them

Reliable protection of a tank crew and interior equipment against the enemy's
principal antitank weapons is the most important requirement imposed on designers
and engines.

Critical hull and turret components of main battle tanks are fabricated of shell-
proof armor steel of medium hardness, with an optimal combination of strength,
hardness and toughness, which are achieved by alloying in the course of a special
metallurgical process, appropriate heat treatment, by hardening the metal in
rolling flat armor plates, forging and stamping armor components of complex shape.

Sufficient thicknesses b and slope anglesd of front, nose and side cowponents of
turret and hull provide protection against blast effect armor-piercing shells of
the principal enemy artillery systems. Sloping armor plate substantially increases
its resistance to projectile penetration primarily because it increases the path of
the projectile in the armor to pierce through it (Figure 2.3.1). Considering the
flight of a field artillery projectile horizontal and a zero angle of projectile
approach to the tank, we find from the simple trigonometric ratios of right
triangle AOB that thickness bg of an equivalent plate taking shot at a right angle
is equal to actual plate thickness b divided by the cosine of angle a4 of shot im-

@ pact with the armor:
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Figure 2.3.1. Effect of Armor Plate Slope Angle on Its Resistance to Shot Penetra-
tion

Consequently, the greater angle & is, the smaller its cosine, the greater is the
thickness bg of an equivalent plate taking shot at a right angle, and the greater
the shot resistance of the tank's armor component.

The multirole function of the armor protection of modern tanks makes it advisable,
in the opinion of foreign experts, to employ composite, multiple-layer barriers in
the design of hulls and turrets. Figure 2.3.2 shows a multiple-layer barrier which
contains, in addition to steel armor plate, supplementary layers of special
materials which effectively extinguish the jet of molten metal produced by a
shaped-charge projectile or which attenuate penetrating radiation. By altering the
compositions, mutual placement and thicknesses of the layers, one seeks to achieve
the greatest tank protection against the entire aggregate of the damage and
casualty-producing elements of conventional and mass destruction weapons.

Strength and rigiAity of hull and turret prevent fracture, forming of cracks,
residual deformat. s, as well as displacement of machinery and mechanisms when
taking fire, by blast wave effect and the force of resistance to recoil, as a result
of ramming and negotiating obstacles while traveling across terrain irregularities
at high speed. The prerequisites for meeting these demands by main battle tanks are
great thickness, strength and rigidity of the principal shellproof armor components
of hull and turret. In addition, employed for permanent joining of principal armor
components are strong welded seams with high-quality high-elasticity filler metal
which does not tend to crack and which is usually relieved of dangerous shear
stresses.
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Figure 2.3.2. Multiple-Layer Armor Protection on the XM723 Infantry Combat Vehicle

Key:
1. Steel armor plate 3. Aluminum
2. Plastic foam

The under-turret hull plate, which carries the heavy turret and receives the con-

- slderable force of resistance to recoil during firing, is supported by a transverse

stiffening member welded to the thick side plates. In order to increase the
strength and rigidity of the entire structure, the rear plates are welded to the
sides to full hull height, producing a rigid welded box.

Stamped and welded lengthwise and transverse ribs are employed to strengthen the
hull floor; the stiffness of interior bulkheads, substructures and brackets is
utilized, and those parts of the hull floor plate which are adjacent to the sides
("step") are sloped.

One important demand imposed on tank armor protection is to achieve the least pos-
sible weight of armor components with a specified degree of tank protection, normal
placement of all interior equipment, and securement of requisite crew operation con-
veniences. A number of other techniques are also employed abroad to meet these
demands, in addition to those discussed above: variable-thickness armor, multiple-
layer armor protection, etc.

Some weight decrease with equal resistance to projectile penetration is obtained by
employing steeply sloped armor plates, which sharply diminishes the armor penetra-
tion capability of blast effect and shaped-charge projectiles at angles of impact
exceeding 65°.

Making the shape of welded hulls more efficient provides significant weight savings
without reducing resistance to shot, but complexity of manufacture is increased some-
what (Figure 2.3.3). Cheek bevels 1 and the ship's bow shape of the nose of the IS5-3
tank, with equal armor-enclosed space and degree of protection against zero angle-of-
approach fire, reduce consumption of steel armor plate by approximately 0.8 ton in
comparison with the simpler wedge shape of the nose of the T-54 medium tank. The
sloped portion ("step") of the hull floor 3, by reducing the height of the thick side
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Figure 2.3.3. Making Welded Hull Shapes More Efficient

Key:
1. "Cheek" bevel on hull of heavy 3. Sloped portion ("step") of
tank hull floor
2. Sloped roof 4, Ship's bow shape of nose of
IS-3 tank

plates, reduces the weight of the T-54 tank by more than 1 ton and of the IS~3 tank
by approximately 1.8 tons in comparison with analogous vehicles with a flat hull
floor. A sloping hull roof plate 2 over the engine-transmission compartment, along-
side an appreciable weight savings, increases allowable depression angles when
firing rearward.

A tight hull and turret seal, which prevents the tank from flooding when in water,
is also essential for protecting the crew and interior equipment against injury and
damage by small fragments, lead splashes, combustible 1liquids shock wave, toxic .
chemical agents, bacteriological and radioactive substances. In order to meet this
requirement, solid welds are employed to ensure permanent joining of plates, seal-
ing gaskets under removable armor plates, various seals for axles, torsion bar
splines and idler cranks, and special seals for the turret ring, gun, machinegun,
sight and vision device ports. 1t is also desirable to employ for this purpose

an engine cooling system with a sealed-off airflow.

Simplicity and efficiency of hull and turret design, which reduce cost, metal and
labor requirements, make it possible in wartime rapidly to set up tank production
at new plants and to increase output at specialized enterprises.

One specific requirement imposed on the turret boils down to ensuring the least
possible imbalance relative to its axis of rotation. In order to balance the gun
and turret heavy armor protection, foreign vehicles employ large recesses in the
rear of the turret, used to stow ammunition.

70

FOR OFFICIAL USE ONLY



LA W W ST AT FUA WO AU WA RUATTOM TR YU TLENR N TR IS LS UE L. PR U P Ul TN AU TR PV PR Bl Tl FUEE TS LTV P T LA Z. 4ldl) Full. TR U ARV e

FOR OFFICIAL USE ONLY

ﬂgﬁ Important requirements imposed on the hull aim at providing the possibility of
mounting a turret with a powerful gun with a large sweep radius and long recoil,
as well as a suspension capable of absorbing considerable energy, essential for
high-speed tanks, with considerable road wheel dynamic (additional) travel, and
track drive with track support rollers.

2. Classification and Comparative Evaluation of Hulls and Turrets

Shot~resistant hulls and turrets are divided, according to method of fabrication,
into cast and welded of rolled flat, curved, stamped and certain cast shaped com-
ponents. The turrets of the majority of the world's tanks are fabricated by cast-
ing, while tank hulls, other than American and Swiss, are welded. The cast method
of fabricating hulls and turrets makes it possible to give them the most efficient,
shot-resistant, three-dimensional shape, permits considerable variation of thick-
nesses along hull and turret height and perimeter, facilitates the creation of
multiple-layer armor barriers, and provides high structural strength and rigidity
by eliminating welds and by somewhat reducing consumption of molten metal per unit
of product. Drawbacks of cast hulls and turrets include less (by approximately
5-7 percent) shot resistance in comparison with rolled armor plate of equal thick-
ness, and the necessity of custom shaping, casting and quenching equipment.

Hulls and turrets are also classified according to simplified schematized shapes.
Turrets are subdivided according to this criterion into cylindrical, conical,
hemispherical, and turrets with a large rear recess (Figure 2.3.4). The first two
shapes, a and b, are employed in welding or riveting smallarms-proof turrets of
<o stamped parts. The hemispherical c cast turret of the T-54 tank 18 characterized
i by a shape which offers good resistance to shellfire and ease of manufacture, but
ﬁ:' offers comparatively restricted interior space and is poorly balanced: the center
of mass 1s displaced 180 mm forward of the axis of rotation., The large rear recess
of turret d of the MBT-70 tanks increases armor-enclosed space, accommodating
mechanized stowage of shells and missiles, and reduces turret imbalance, but in-
creases overall turret weight and has a potentially dangerous shell trap between the
hull and turret recess.

Figure 2.3.4. Schematized Designs of Tank Turrets:

a -- cylindrical; b -~ conical; ¢ -- hemispherical; d -- turret with large rear
recess
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Hulls are differentiated on the basis of shape of the most critical nose portion
(see Figure 2.1.3), as follows: hulls with vertical armor plate in front of driver's
face; ship's bow b, and wedge-shaped c, d. The former were extensively employed on
old Soviet and foreign tanks, but today they are practically out of use due to pdor
capability to defeat shell penetration and the complexity of welding them of three
separate armor plates. Ship's bow nose b increases the angle of impact between
projectile and armor by '"tucking in" the glacis plates at the most probable zero
angle of projectile approach, decreases probability of projectile trapping under

the turret on ricochet from the glacis plates, and facilitates optimal driver
placement at tank center. Foreign experts claim that drawbacks include increased
complexity of manufacture, especially with multiple-layer armor protection;
vulnerability of the weld of the two upper plates; need for elaborate idler wheel
brackets in order for the tracks to extend to the hull nose. Wedge-shaped nose

¢ and d, with steeply sloped armor, possesses good penetration resistance and is
simpler to manufacture, especially with multiple-layer armor protection (see

Figure 2.3.2); the track tensioning mechanism housing is welded directly into the
hull without a special bracket. For these reasons they are extensively em.loyed on
modern tanks with welded and cast hulls.

Tank hulls can be subdivided into four groups on the basis of cross-sectional

shape (Figure 2.3.5): a and b, hulls without interior recesses in the sides; c, with
local recesses under the turret; d, e, f, g, with recesses above the tracks along
the entire length of the hull; h and i, with recesses within the track lines. The
first two groups —— a, b, ¢ -- do not permit variable armor protection vertically
and lengthwise in a welded hull, which has a negative effect on tank protection;
they are characterized by a low degree of utilization of tank cross-sectional area;
lacking local bulges under the turret, they make it difficult to employ the large-
diameter turret ring required for heavy tank gun armament. Their advantages in-
clude small hull cross—-section perimeter, which predetermines light hull weight,
maximum simplicity of fabrication of a welded hull from a minimal number of rolled
armor sheets, and the possibility of employing a high energy-absorbing suspension
with considerable road wheel travel and track drive with track support rollers.
Such hulls of type c, with a local bulge under tke turret as a welded-on armor
segment, are successfully employed on Soviet main battle tanks.

3. Special Measures to Improve Tank Protection Against Shaped-Charge Projectiles
and Nuclear Weapons

Armored hulls and turrets of modern tanks which give protection against blast effect
projectiles, in the opinion of foreign experts, fail to provide the requisite level
of protection against widely-used shaped-charge armor-piercing projectiles and the
casualty-producing elements of nuclear weapons. Armor thickness is not being in-
creased to achieve better protection, since this makes a tank heavier; other means
are being used.

The most common technique employed abroad to strengthen protection against shaped-
charge projectiles is a skirting plate or screen which attenuates the jet of gas

and molten metal on its path toward the armor. The purpose of a screen is merely

to cause premature detonation of a shaped-charge projectile at the greatest possible
distance from the tank's armor. A shaped-chargas projectile can be detonated by a
thin screen of metal sheet, strip or mesh, or even screens of thin rubberized

fabric. Cost of manufacture and weight of a screen against shaped-charge projectiles
are insignificant, and yet they are quite effective.
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Figure 2.3.5. Cross Sections of Tank Hulls:

a, b -- without recesses; ¢ -- with local recesses; d, e, f, g -- with recesses
above tracks; h -- with recesses inside track line; i -- cast hull of M60 tank

Another promising technique for protecting a tank against shaped-charge projectile
which has been discussed in the foreign literature consists in using special, com-
paratively lightweight metal and nonmetallic materials which possess excellent
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flame-extinguishing properties against a shaped-charge jet. A combination of such
materials with steel armor plate (see Figure 2.3.2) makes it possible to increase
tank protection with a smaller weight increase than with solid armor construction.

Another effective means of tank protection is sloping armor. This lengthens the
path the shaped-charge jet must penetrate to pierce armor, while at large slope
angles (greater than 65°) conditions of formation of the shaped-charge jet worsen
sharply due to deformation of the projectile at the moment of detonation.

A tank's armored hull and turret withstand well the principal casualty-producing
elements of nuclear weapons, making armored troops more battleworthy in combat opera-
tions with and without the employment of nuclear weapons. Additional special
weapons are required, however, to increase the antinuclear protection of tank crews.,

Collective protection of crew members against blast wave and radioactive dust is
provided by an antinuclear prote. tiorn system. Its principal components are the

following: a radiometric pro* - tici unit; devices which instantly warn of a
dangerous nuclear burst; ani -+ »_  devices which actuate before the blast wave
reaches the tank. As a resu.:t -.i: blast wave overpressure of several atmospheres,

lethal to a person not protectcd by armor, proves safe for a tank crew due to seal-
ing of the tank's manned compartments. A blower-powered dust separator cleans the
air centrifugally, separating and expelling 98-99 percent of the dust, and main-
tains in the manned compartments a slight overpressure of cleaned air. This makes
it possible for tanks to operate, move and fight on radioactively contaminated ter-
rain without radioactive dust entering the tank. New foreign tanks are also
equipped with filter-ventilation units, which enable tanks to fight in conditions of
bacteriological and chemical contamination of terrain.

It is difficult to protect crews from penetrating radiation, which is for the most
part a gamma ray flux and a fast neutron flux. Gamma rays are attenuated by steel
armor and other heavy metallic materials. For example, the lead mats on the

floor of the manned compartments in some foreign vehicles are used to attenuate the
dose of secondary gamma radiation on contaminated terrain. For attenuation of the
fast neutron flux, foreign tank designers employ lightweight hydrogen-containing
substances, and therefore layers of special antineutron materials are employed in
the turret and manned portions of the hull. As a result of these measures, the
radiation dose received by main battle tank crews proves to be several times less
than that received by a person unprotected by armor.
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Chapter 4, TANK MOBILITY

Mobility, alongside firepower and armor protection, is a most important tank combat
performance characteristic. It is characterized by average speed of tank movement,
cross-country performance, and running time on one fueling.

During tank operations on the battlefield tactical mobility is considered, without
taking account of time required for tank fueling, servicing and maintenance. Con-
sequently tactical mobility is defined as the average tank speed on the battlefield,
which in turn depends on a tank‘s power-to-weight ratio and technical capabilities
for its utilization.

In evaluating operational and strategic mobility, one determines average speed of
tank movement from one point to another, taking into account running time on one
fueling, time expended on fueling, servicing and maintenance, as well as speed
limitations connected with the specific features and safety of mode of travel.

Thus mobility is determined by a tank's technical capabilities: power-to-weight
ratio, type of transmission, suspension system, carried fuel supply, and performance
characteristics. It is also determined by nature of movement, quality of organiza-
tion of movement, physical condition and proficiency of personnel.

Increasing mobility requires first and foremost further improvement of powerplant
components, transmission, tracks and suspension, and improvement of performance
characteristics.

1. Tank Powerplant

The engine, together with supporting systems, comprises the tank's powerplant.
Depending on the type of engine used, powerplants can be differentiated on the
basis of space occupled, design complexity, and number of systems and equipment re-
quired for engine operation. For example, the gas turbine engine powerplant of

some foreign tanks (XM1) is simplified as a consequence of the fact that it lacks
liquid cooling and compressed air starting systems, and there is nc piston com-
pressor. When a tank is powered by a piston engine, there is no need for a gas
temperature control system, heat exchanger and reduction gear. Engine economy deter-
mines the amount of fuel which must be carried in order to ensure a specified tank
range.

Thus the engine is the principal and determining element of the powerplant, exert-
ing significant influence on a tank's overall design.
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Requirements on the Modern Tank Engine

The principal design characteristics, power and economy indices of a tank engine
should provide the mobility specified by performance characteristics. In addition,
an engine should meet a number of other requirements connécted with manufacture,
operation and maintenance.

One of the most important design and power characteristics of an engine is its

ratio of effective horsepower to the engine's physical size. The higher this ratio,
the smaller the space occupied by the engine, and the more easily it can be placed
within the strictly limited space of a tank's engine-transmission compartment.
Therefore a high power-to-size ratio is one of the principal requirements on a tank
engine.

Design requirements also include the lightest possible weight, good balance, steady
running, engine braking capability, and an engine configuration convenient for
fitting in the engine--+*ransmission compartment. The engine layout should offer
easy replacement «:f «w.,unied accessories and the assembled engine in field condi-
tions.

Modern tank engines run to 383-611 kw (520-830 horsepower). In the opinion of
foreign experts, however, the power-to-weight ratio of future tank engines should

be at least 18.4-22 kw (25-30 hp) per ton of tank weight. Engine economy is deter-
mined by specific fuel consumption (by ratio of per-hour consumption to horsepower).

Diesel-powered tanks have a greater range than tanks with carburator engines. This
is due primarily not only to smaller fuel consumption but also the greater density
of diesel fuel and, consequently, larger fuel supply with equal-volume fuel tanks.

Other requirements connected with the engine operation process include good pickup,
that is, capability quickly to increase and drop rpm, a high adaptability factor,
minimal air consumption, and minimal heat transfer into the water and oil.

Meeting these last two requirements makes it possible to reduce the size of the
alr cleaner, engine coolant radiator and o0il cooler. Engine exhaust gases should
be as cool as possible for protection against thermal detection and heat-seeking
guidance devices.

The need to maintain continuous tank combat readiness determines a number of
operation requirements on an engine, such as easy cold-weather startup, reliable
operation in all climatic conditions, in mountains, under water and on terrain with
radioactive contamination, as well as minimal servicing time.

At the present time there is no engine which fully meets all requirements imposed on
a tank engine. However, such positive diesel qualities as good economy, multiple-
fuel capability (from gasoline to diesel fuel), and less fire hazard have resulted
in the diesel being acknowledged throughout the world as the best tank engine. We
should note that the first special tank diesel, the V-2, was developed in the USSR
at the end of the 1930's. As a result of the exceptionally successful employment

of the V-2 diesel on the T-34 tank in World War II, in the postwar period diesel
engines began to be used on all foreign tanks without exception.
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The positive experience of design and operation of V-2 engines (Figure 2.4.1)
exerted considerable influence on the design of and further development trends in
engines of new tanks.

Figure 2.4.1. Type V-2 Engine

Contemporary Status of Tank Piston Engines

Almost all modern tanks produced in quantity are powered by diesel engines. The
excellence of these engines suggests that they will continue to be the principal
type of tank engine in coming years.

In the 1970's the NATO nation armies should have inservice at least four main battle
tanks: the U.S. M60Al, powered by the AVDS-1790-2A Continental engine, the West
German Leopard, powered by the Daimler-Benz MB-838Ca M500 engine, the British
Chieftain, powered by the Leyland L-60 engine, and the French AMX-30, powered by the
Hispano-Suiza HS-110 engine.

The new Japanese STB-6 tank ("74") is powered by the Mitsubishi 10Z-F21-WT engine.
The combination powerplant of the Swedish STRV103B tank includes a Rolls-Royce K-60
piston engine and a Boeing-553 gas turbine engine.

Foreign tank powerplant engineering is based primarily on building four-cycle
boosted multi-fuel engines, both with direct and divided mixing.

Air-cooled engines are typical of U.S. and Japanese tanks. European countries em-
ploy exclusively liquid-cooled engines. 1In the opinion of experts at Daimler-Benz,
liquid cooling with thermostatic regulation of fan rpm is the most economical cool-
ing system for tank engines. The size of a liquid cooling system is not greater
than that of an air cooling system, but its layout arrangement is easier, since the
radiator can be placed at some distance from the engine. In addition, it is also
possible to design a combined system for cooling engine coolant as well as engine
0il and transmission fluid. A liquid cooling system also possesses other advan-
tages in regard to the special operating conditions of a combat vehicle engine.
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During tank operation under water, engine cooling with a liquid cooling system can
be handled by immersing the radiator in ambient water. 1In this case duration of
undervater operation is not limited by the possibility of engine overheating, and
there is no need to feed air into the tank for cooling the liquid. Decreasing the
required quantity of air makes it possible to reduce the diameter of the snorkel

and consequently to make easier mounting and carrying. Isolating the air circuit of
a liquid system reduces contamination of the engine-transmission compartment with
radioactive dust when a tank is operating on contaminated ground. As a consequence
of these advantages, a liquid cooling system is specified for the majority of

future tank engines.

All modern tank engines are boosted. Boosting means increasing the power-to-dis-
placement ratio, that is, horsepower per liter of engine displacement. Presently
existing engines or engines designed on the basis of an existing prototype can be
boosted. Supercharging is the most widely used means of boosting the power of
tank diesels.

Supercharging means that precompressed air is injected into the cylinders on the
intake part of the cycle. Increasing the density and weight of the charge of air
makes it possible proportionally to increase fuel feed as well. As a result of
this, horsepower pe:* liter and effective engine horsepower increases without in-
creasing the number or size of the cylinders, that is, the basic engine dimensions.

Supercharging is performed by supercharges with mechanical (Leopard, Chieftain),
gas turbine (AMX-30, M60Al) and combination (STB-6) drive.

With a mechanically-driven supercharger, average effective pressure cannot exceed
0.98 MPa (10 kg/cm?) without degrading other engine performance components. For
this reason turbosuperchargrs have become the most commonly used equipment; in these
units the centrifugal compressor and turbine are mounted on a common shaft. Engine
exhaust gases pass through the turbine blades and cause the turbine to turn, which
powers the compressor. In this instance air compression is performed by utilizing
the energy of the exhaust gases as they are expelled from the engine.

The amount of engine power increase obtained by supercharging depends on the
pressure of the air leaving the compressor. With a pressure boost to 0.147-
0.196 MPa (1.5-2.0 kg/cm?), there occurs a moderate rise in gas temperature and
pressure, resulting in a decrease in the fuel ignition delay time and roughness of
engine operation diminishes.

With an increase in air pressure effectiveness of supercharging increases, but
this is accompanied by a substantial increase in power and thermal loads on engine
components.

An increase in air temperature with an increase in pressure leads to a rise in the
average cycle temperature and an increase in thermal stress on engine components,
and on the piston group in particular.

As a consequence of increased pressure, maximun gas pressure increases at the end of
the compression cycle, resulting in increased mechanical loads on components of the

crank mechanism. All this leads to the following: with a boost pressure greater
than 0.245-0.294 MPa (2.5-3.0 kg/cmz), special measures must be taken to ensure

18

FOR OFFICIAL USE ONLY



—
E_".g
»

FOR OFFICIAL USE ONLY

engine operating capability. These measures include the following: increased in-
tensity of cooling, improved conditions of lubrication, strengthening of crank
mechanism components, as well as new design solutions making it possible to limit
maximum gas pressure (piston or combustion chamber automatically regulating com-
pression).

The majority of modern tank engines are four-cycle, although some two-cycle engines
are also in use. In addition to the British Chieftain and Swedish STRV103B tanks,
two-cycle engines power the U.S. Sheridan tank and the new Japanese STB-6 tank.

The less frequent employment of two-cycle engines is due to the high intensity of
the engine operating process and the difficulty of ensuring reliable operation of
the piston group. Engineering two-cycle engines requires considerable time, and

as a rule requires design changes on the most heavily loaded components. These
difficulties increase with an increase in engine power, and therefore there are no
two-cycle engines among promising foreign engines of more than 736 kw (1,000 horse-
power).

Modern tank engines are multi-fuel for the most part. The ability of an engine to
operate on different grades of fuel -- from diesel to gasoline -- greatly facili-
tates the problem of fuel supply and opens up the possibility of utilizing captured
fuel.

Basically only a diesel can be a multi-fuel engine, since it can cause the
spontaneous combustion of any finely dispersed fuel. Carburated engines do not pos-
sess multiple-fuel capability, because they cannot operace on low-volatility

heavy fuels,

The classification adopted in the FRG categorizes engines as limited multiple-fuel
capability, multiple-fuel, and unlimited multiple~fuel capability. Engines in the
first category are designed to operate on diesel fuel and aviation jet fuel, while
those in the second category can operate on diesel fuel, kerosene, and gasoline with
an octane number up to 92+1., Unlimited multiple-fuel engines can also run on high-
octane gasolines, that is, on practically any fuel. At the present time multi-fuel
engines most commonly occur in conformity with this classification.

The majority of four-cycle tank engines are V-type with 12 cylinders. An exception
is the MB-838Ca M500 engine powering the Leopard tank, which has 10 cylinders.
Well-known two-cycle tank engines have six cylinders, placed vertically or
horizontally. (vuly the 10Z-F21-WT ¥)-cylinder V-type engine which powers the
Japanese STB-6 tank is of a different configuration.

The V-type configuration produces the highest compactness factor, since the space
between cylinder blocks can be used to place accessory equipment. In addition,
some equipment can be placed on the exterior of the cylinder blocks without extend-
ing beyond the overall dimensions of the engine. Another advantage of the V-type
cylinder arrangement is the high structural rigidity, which promotes decreased
deformations and longer engine life.

Horizontal arrangement of cylinders permits a lower engine height, but this con-
figuration dves not provide significant advantages in regard to power-to-size
ratio, because of the engine's considerable width and the necessity of placing all
accessory equipment on top of the engine.
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Design Features of Tank Piston Engines

The Continental AVDS-1790-2A engine (Figure 2.4.2) is a V-type air-cooled dual-
turbocharged diesel.

Figure 2.4.2. AVDS-1790-2A Engine

Figure 2.4.3. MB-838Ca M500 Engine

Tte Daimler-Benz MB-838Ca. M500 engine (Figure 2.4.3) is of the MB-837 type-size series,
which includes 6, 8, 10 and 12-cylinder diesels ranging from 295 to 810 kw (from
400 to 1100 horsepower). The V-type design of the cylinder block-crankcase is
highly compact and rigid. The stationary components of the crank mechanism are
manufactured of high-strength lightweight alloy. Each cylinder has its own individ-
ual removable cylinder head with precombustion chamber and wet cylinder liner.

All accessories and tanks required for engine operation (o0oil tank, engine coolant
and oil preheater, etc), as well as both turbochargers, generator and starter are
mounted on the cylinder block-crankcase. Fuel consumption at maximum speed runs
165 liters per hundred km.
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Figure 2.4.4. Two-Cycle L-60 Engine

The Leyland L-60 two-cycle engine (Figure 2.4.4) has a vertical cylinder configura-
tion. Each cylinder contains two pistomns which move toward each other. The upper
pistons, which control opening of the exhaust ports, are connected to a crankshaft
located in the upper part of the engine. The lower pistons, which control opening
of the intake ports, are connected to a crankshaft in the lower part of the engine.
Both shafts are connected by a gear train, which synchronizes rotation of the shafts
and integrates the torques of the upper and lower shafts.

The modernized Chieftain tank (Mk 5) is to be powered by the L-60 4Mk7A engine,
which develops 596 kw (810 hp) at 2250 rpm, which is a modification of the series-
produced L-60 4Mk5A engine. The horsepower per liter of the modified engine has
been raised from 27 to 31 kw/1l (from 36.8 to 42.6 horsepower per liter) and is the
highest of all foreign series-produced tank engines. A complete tank engine
replacement can be performed in four hours.

The Hispano-Suiza HS-110 engine (Figure 2.4.5) is a four-cycle swirl-chamber diesel
with opposed cylinders. The engine can operate on diesel fuel, kerosene and
gasoline. The shift from one fuel to another is made by turning an index-marked

knob linked to a rack stop. The swirl chamber design facilitates achieving multiple-
fuel capability.

Figure 2.4.5. HS-110 Engine
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The K-60 two-cycle engine powering the Swedish STRV103B tank is similar in design to
the British Chieftain tank's L-60 engine. Initially the engine was built to
develop maximum output of 177 kw (240 hp). Turbocharging was subsequently added,
resulting in boosting output to 221 kw (300 horsepower).

A comparison of the Soviet V-55 diesel tank engine with series-produced foreign
tank engines shows that it is inferior in power-to-size ratio only to the MB-838Ca
M500 engine of the Leopard tank and is superior to all two-cycle engines. In spite
of a moderate power-to-displacement ratio, the power-to-size ratio of the V-55 en-
gine is fairly large, achieved by employing small accessories and a carefully
designed layout of the engine proper. As a result of this, the compactness factor
of the V-55 engine is high (33.2 1/m3), a figure which has not been achieved in any
foreign-built engine.

Moderate engine operation figures and excellence of design ensure long, trouble-free
operation of Soviet tank diesels.

Future Foreign-Built Piston Tank Engines

An inc ease in tank power-to-weight ratio to 18.4-22 kw (25-30 horsepower per ton)
requires a further increase in the power output of tank engines,

Future tank engines will be boosted by turbocharging in combination with inter-
mediate cooling of the air entering the engine's cylinders. The increased density
of the cooled air makes it possible to increase quantity of fuel injected and sub-
stantially to increase engine power. In addition, cooling the air reduces the
thermal stress on engine components and reduces the quantity of heat removed by the
cooling system. This makes it possible to reduce radiator size and to decrease power
expended on driving the engine fan.

Figure 2.4.6. AVCR-1360 Engine

Alongside these positive aspects, however, employment of turbocharging makes it
necessary to limit mechanical loads on engine components, especially at the high
turbocharging pressures typical of future engines. Calculations indicate that with
a boost pressure of 0.294 MPa (3.0 kg/cm?) and air cooling by 30° in an engine with
a compression ratio of 20.5 operating at full load, maximum gas pressure in the
cylinder can reach 19.6 MPa (200 kg/cmz), which is beyond the pressure permitted on
the basis of strength of engine components.
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This pressure can be reduced by dropping the compression ratio, but this results in
harder starting for multi-fuel engines, with rougher light-load operation. There-
fore the compression ratio should be variable, remaining high during startup and en-
gine operation under partial load, with compression brought down for full-load opera-
tion.

Such a principle was employed by engineers on Continental's AVCR-1360 (Figure 2.4.6),
a promising U. S. tank engine, with a piston which automatically regulates the com-
pression ratio.

Employment of such a piston makes it possible to vary the compression ratio from

10 to 22:1, as a consequence of which average effective pressure in the AVCR-1360
engine is 1.74 MPa (17.8 kg/cmz), while the power-to-displacement ratio is

40.8 kw/l (55.4 hp/1l). Other design features of this engine include two-stage

boost with a turbocharger in the first stage and a Roots supercharger in the second
stage. Air is cooled in an air cooler. The cylinder blocks are positioned at an
angle of 120°. It is reported that the engine starts up readily at ambient air tem—
peratures raging from -45 to +52°C and does not lose power at elevations up to

3,000 meters above sea level.

Figure 2.4.7. MB-873Ka500 Engine

Hispano-Suiza, which builds engines for the French AMX-30 tank, is also working on
additional boost for the HS-110 engine by increasing boost pressure. In order to
limit maximum combustion pressure, company engineers have designed a swirl chamber
with automatic volume control. On the basis of test results, company engineers
plan to increase the power of an engine with swirl chamber automatic volume control
to 883 kw (1200 hp) at 2400 rpm. Average effective pressure in a boosted engine

will be 1.54 MPa (15.7 kg/cm2), and the power-to-displacement ratio will be 31 kw
(42 hp/l).

Mercedes-Benz has developed the MB-873Ka500 engine (Figure 2.4.7) for the Leopard 2
tank, which is to replace the Leopard 1 tank currently in service with the Bundes-

wehr. This engine is a member of the MB-870 "family" of engines, together with 6,

8, and 10-cylinder models.

In contrast to the MB-837Ca M500 engine, the new engine has two turbochargers, and
crankshaft rpm at maximum horsepower has been boosted to 2600 rpm. The need to
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limit average piston speed, which is 13.5 mps, required shortening the piston
stroke to 155 mm. Increasing the total number of cylinders and boost have made

it possible to increase engine output to 1104 kw (1500 horsepower) with a fairly
high power-to-size ratio of 659 kw/m3 (895 hp/m3). The MB-800"family" of 6, 8, 10,
and 12-cylinder engines, ranging from 368 to 736 kw (500-1000 horsepower), has been
developed for future Bundeswehr light amphibious air-transportable tracked
vehicles. All engines of this series are boosted to 3,200 rpm and therefore have
better power-to-size and specific weight ratios. Each engine has one turbocharger.
It is reported that all engines of theMB-870 and MB-880 family have limited
multiple fuel capability, are suited for operation in arctic and tropical climate
conditions, start up readily at low temperatures and operate well at high angles of
slope.

All engines of the MB-870 family have the same average effective pressure figure of
1.53 MPa (15.65 kg/cm?) and power-to~displacement ratio of 30.9 kw/1 (42 hp/1),
while all engines of the MB-880 series have figures of 1.33 MPa (13.6 kg/cm2) and
33.1 kw/1 &5 hp/l) respectively. These engines' moderate boost makes it possible
to manage without special design measures to limit maximum gas pressure in the
cylinder.

In connection with difficulties involved with boosting two-cycle engines, the
British firm Rolls-Royce has stopped any further work on designing such engines and
is developing for the Chieftain tank the new 12TCA 1l2-cylinder 4-cycle diesel,
developing 828 kw (1125 hp). This engine has a turbocharger with intermediate air
cooling and a high-temperature cooling system.

A perusal of future tank engines indicates that they are being designed on the
basis of different principles. U.S. engines are characterized by very high boost
and relatively low compactness factor values. In contrast to this, engines
designed in the FRG and a number of other countries are distinguished by high

compactness factor values and lower boost, which would suggest high reliability of
these engines.

Prospects for Employment of Gas Turbine Engines in Tanks

Gas turbine engines, just as piston engines, are internal-combustion heat engines.
The principle of operation of the gas turbine engine working cycle, however, is
distinguished by the fact that the varlous processes of the cycle take place con-
tinuously in different parts of the engine: air intake and compression in a com-
pressor, fuel combustion in a special chamber, and expansion of gases in turbines.
The compressor and turbine rotors, which perform only rotary motion, are the en-
gine's moving parts. The absence of reciprocating moving parts enables the engine
to operate at a very high rpm, which is limited solely by the mechanical strength
of the compressor and turbine disk and blades. High velocities make it possible to
design a compact engine with a high power-to-size ratio. This is one of the
reasons for the considerable attention being devoted at the present time to the
development of tank gas turbire engines.

As is noted by foreign experts, employment of gas turbine engines can also provide
a number of other advantages increasing the combat effectiveness of tanks. A
turbine is easy to start up in lcw-temperature conditions and does not have to be
warmed up after startup. As engine rpm drops with a load increase, the torque of
two and three-shaft gas turbine engines steadily increases, which makes it possible
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@ to reduce the number of gears and simplify the transmission. The engine is extremely
simple in operation and can be more easily adapted than a piston engine to operate
on different fuels. Less power 1is required to cool a gas turbine than a piston
engine. 0il consumption {s also considerably less, since there is no possibility of
oil entering the combustion chamber. While superior to piston engines in all the
above respects, gas turbine engines are considerably less economical than diesels.
The reason for this is that the turbine blades are subjected to the continuous ef-
fect of a stream of incandescent gases. It is rather difficult to provide reliable
. cooling of turbine blades, as they are fairly thin and as a consequence of the
. extremely high rpm of the rotor with its blade rim. Therefore it is necessary to
1imit the temperature of gases entering turbines. This results in lower engine ef-
ficiency and increased specific fuel consumption.

Foreign-built gas-turbine engines consume considerably more fuel than a diesel en-
gine of equal power. Since a decrease in gas temperature is achieved by raising
the excess air ratio, new difficulties arise, connected with the necessity of
filtering air, consumption of which 1is several times greater for these gas turbiue
engines than for a diesel of equal power. The increased air consumption also com-
plicates submerged operation of tanke powered by gas turbine engines. Another
drawback of the gas turbine engine is the significant relationship between engine
power and amblent temperature and pressure.

Thus today's gas turbine engine cannot yet compete with the tank diesel in a numbc:
of indices, but chiefly due to the high fuel consumption and consequently shorter
tank range. Therefore principal efforts in development of future tank gas turbine
engines are focused on improving engine economy.

A,

S
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& In order to resolve this problem it is necessary first of all to raise gas tem~
perature at the turbine inlet, which ranges from 1000 to 1100°C in today's best
foreign-built gas turbine engines. A further boost of this temperature requires
effective blade cooling which, as pointed out, presents a difficult problem.

|§ \Il Figure 2.4.8. Schematic Diagram of a Three-Shaft Gas Turbine Engine
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Key to Figure 2.4.8 on preceding page:

1. Cooler 5. Compressor turbine

2. Compressor 6. Supplementary combustion chamber
3. Heat exchanger 7. Output turbine

4, Main combustion chamuber 8, 9. Compressor chambers

It is a simpler matter to improve economy by utilizing heat from the engine ex-
haust gases. Special devices are employed for this -- heat exchangers. Preheating
air in a heat exchanger makes it possible to reduce the quantity of fuel which must
be fed into the combustion chamber to heat gases to the requisite temperature. The
size of heat exchangers, however, proves to be close to that of the engine itself,
and therefore in utilizing heat exchangers a gas turbine engine loses one of its
advantages —-- compactness. We should note that with an increase in gas temperature
at turbine <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>